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1. INTRODUCTION. 

In three earlier papers (1922 a., 1922 6, 1923 a.) I have described 
certain cytological features, and some genetic researches, connected with 
the little viviparous tropical cyprinodont, Lebistes reticulatus, of which 
the first results were pubhshed in 1920 by Johs. Schmidt. 

In these papers it was shown that there existed a series of genes, 
each of which determined its own particular colour pattern, in the male 
Lebistes individuals, and which were transmitted in a manner hitherto 
unknown, namely, from father to all sons, generation after generation, 
but never under any circumstances inherited by the female offspring. 
The genes in question were: iridescens, muculatus, ruber and ferrugineus. 

Jonrn. of Gen. xvni •• 1 
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To this may be added the gene mentioned only in Schmidt’s work, 
which marks the race from the “Aquarium Society,” and which I have 
termed oculatus. 

It was further shown that the males were heterogametic, the females 
homogametic, which was explained in connection with the sex-linked 
inheritance of the sulphureus and elongatus genes. 

The parallel cytological investigation had shown that the diploid 
chromosome number in both sexes was 46, the males having 44 -f X Y, 
the females 44 + X X. There was, however, no morphological differ¬ 
ence discernible between X and Y. 

Finally, crossing-over was shown to exist, in the male Lebistes, be¬ 
tween the X and the Y chromosomes, the elongatus gene changing its 
position fairly frequently, while the sulgihureus was also found to be 
capable of crossing-over. The latter, however, was plainly not a single 
gene, but of more complex nature, as, in the only instance of crossing- 
over observed up to that time, only a part of the sulphurous characters 
disappeared. A further investigation of this point is dealt with in 
section 3 of the present work. 

The result of the Lebistes investigations was of particular interest in 
that a new mode of inheritance was shown to exist, which I have termed 
one-sided masculine, viz. the inheritance of genes belonging to the 

Y chromosome. The crossing-over between the X and Y chromosomes 
again, which was here precisely to be expected owing to the morpho¬ 
logical agreement betw^een the two different types of sex chromosomes, 
was likewise of interest, inasmuch as this showed that the difference 
between the X and Y chromosomes consisted only in the fact that the 

Y chromosome carries a dominant male factor, whereas the X chromo¬ 
some may either be said to have an allelomorphic, recessive female 
factor—or to have no allelomorphic factor at all. This point, to which 
I drew attention both in 1922 and 1923, appears to have been generally 
overlooked by other investigators; I therefore propose to recapitulate 
briefly what the experimental results have shown. 

A gene, elongatus {el), involving elongation and colouring of the 
caudal fin in Lebistes males, was found {loc. cit. 1923 a) to be inherited 
in the typically sex-linked manner; the gene must therefore have been 
situated in the X chromosome. One of the male individuals has the 
formula XgjY„j^, indicating that the elongatus gene, el, was found in 
the X chromosome, while the ma>Gulatus gene, ma, which inter alia gives 
a black spot on the dorsal fin (hence the name), was found in the 

Y chromosome. This type is shown in the accompanying Plate II, 
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fig. 42. Crossing with an female, i.e. one possessing no colouring 
factors, produced, as was to be expected, sons of the formula 
the type shown in Plate I, fig. 18, and daughters of the formula 
There was, however, among a total of 73 sons, a single male individual 
with elongated tail, and this, on subsequent analysis, was found to be 
an el specimen which, in contrast to the original male, trans¬ 

mitted the el gene to all its male offspring—save where renewed crossing- 
over took place. This in itself is enough to show that a dominant male 
factor is present in the Y chromosome; indeed, that the difference be¬ 
tween an X and a Y chromosome is merely that Y possesses a dominant 
male-determining gene, which X lacks. Por since an interchange of 
genes takes place on crossing-over, their constituents must be continually 
mingling; that they nevertheless continue to be either X or Y chromo¬ 
somes can only be due to their differing essentially in nothing but the 
one point, a single gene. The Y chromosome in Lebistes differs, in 
principle, from the X chromosome only in possessing a male-determining 
Y gene, which must be regarded in the same way as any other factor. 
It is a matter of judgment whether we assume the presence in the 
X chromosome of an allelomorphic, recessive female factor, or, holding 
to the presence-absence theory, deny altogether the presence of any 
special sex factor there. 

Though the male factor in Lebistes exhibits features differing from 
that for sex determination in Droso'pJiila, it is hardly possible to advance 
any reasonable explanation other than the foregoing. T. H. Morgan 
(1924, 1926) does, it is true, suggest the possibility that there might, 
after all, be some question of greater differences in principle between 
the X and Y chromosomes, in that it might be imagined that the sex 
chromosomes in Lebistes were connected with a pair of autosomes, more 
or less as in Ascaris, and that crossing-over only takes place in that 
portion of the compound chromosome which represents the autosome, 
not in that part which carries the sex-determining genes. The X complex 
and the Y complex would then act as a pair of allelomorphic genes. 
This explanation of Morgan’s, however, can hardly be said to be a very 
likely one, since it presupposes the attachment of an autosomal portion 
to the sex chromosomes in Lebistes, which is not suggested by the cyto- 
logical picture; and it also involves the assumption that crossing:-over 
only affects this supposed autosomal portion of the sex chromosomes. 

Morgan’s elaborate attempt to explain away the male determining 
gene in the Y chromosome by putting in its place a complete Y chromo¬ 
some with autosome attached, must be due to a doubt as to whether 

1-2 
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distinct, sex-determining genes exist at all. But, we may ask, wluit 
sliould be sex-determining, if not genes? And if this is clear, then it is 
only a step from the assumption of a great number of genes, some acting 
in the female direction, others in the male, to the assumption of a single 
sex-determining gene or pair of genes epistatic in its ejects. 

Possibly, also, it is to some extent the general idea of genes in the 
Y chromosome which leads Morgan to seek for a more :Complicated 
explanation. It is only natural to endeavour to bring the facts from 
Lebistes into the same angle of view as that adopted for Drosophila; 
but it must surely seem more remarkable, and more unexpected, that 
the X chromosome in Drosophila should contain many genes and Y none 
than that Lebistes should be found to have genes both in X and Y. 
As a matter of fact, we do not know that Drosophila has no distinct 
sex-determining gene in the X chromosome, nor can this point be decided 
until the deficiency investigations have been so extended as to embrace 
the whole of the X chromosome. Even then, there is still the same 
possibility in Drosophila as Morgan maintains in the case of Lebistes, 
that the X chromosome is only rudimentary, attached to an autosome, 
so that all crossings-over occurring in the X chromosome of Drosophila 
have not really taken place in the X itself, but only in the autosome, 
to which a sacred and inviolable X is attached. 

As regards the allelomorphs of the Lebistes genes, which Morgan 
{loc. cit. 1926) also takes as a subject for discussion, we would refer 
to p. 33. 

That a dominant male-determining factor in the Y chromosome of 
Lebistes should seem remarkable to us is, then, really only due to the 
fact -that we find essentially different conditions in the well-investigatc'.d 
Drosophila, which has neither morphologically differentiating genes nor 
special sex-determining genes in the Y chromosome. As, however, it is 
common to find sometimes more, sometimes fewer genes acting upon 
one and the same character, it is by no means inconceivable in principle 
that in Lebistes it should be mainly a single gene which is here the male 
determinant. As we know, the genetics oi Lebistes are different also in 
other ways from those of Drosophila, where we have neither Y-linked 
genes nor indeed any crossing-over in male individuals. 

For the rest, it is already clear that in the case of Lebistes the same 
rule applies as for other organisms, both plants and animals, in which 
the sexes are distinct, viz. that male and female dispositions also occur 
in the autosomes, so that the sex chromosomes, as I have earlier (1923 h, 
p. 17) put it in the case of dioecious plants, are only to be regarded as 
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the normal regulating mechanism which generally deals with the deter¬ 
mination of sex. Some observations among my Lebistes material show 
this, as will he further pointed out in the following. 

In Lebistes^ as we know, the normal thing is for the males only to 
have any colouring, the females being of a greyish tone throughout. 
Even females which are homozygous in respect of a disposition to 
colouring, do not show this directly, but only in the fact that their male 
offspring inherit the character in question. In exceptional cases, how¬ 
ever, it has been found that old females with genes for colouring can 
show this phenotypically, and can also, as regards the sex organs them¬ 
selves, be-altered in the male direction. 

Among my cultures, for instance, there were four females, born in 
1923, all of which in December, 1925, became coloured, the anal fin being 
then also in process of transformation to an organ of copulation (gono- 
podium) otherwise characteristic of the adult male. Two of these females 
are shown in Plate I, figs. 15, 16, the former exhibiting a distinct trans¬ 
formation of the anal fin. It was remarkable that all the four females 
comprising this culture had these male sex characters more or less de¬ 
veloped. The animals had never been paired. Their formula was known, 
from their ancestry, to be that is to say, they had in the one 

X chromosome a disposition to sulphureus, which now (see section 3) 
is shown to be a gene complex, consisting of coccineus + vitellinus, in 
the other X chromosome no colour disposition at all. With regard to 
the effect of the su gene in males, I gave this (1922 b, p. 149) as follows: 

1. Sulphur-yellow colour in the dorsal fin and a dark speck that 
only at times is visible in the said fin. 

2. Sulphur-yellow colour in the tail and in the caudal fin. 

3. Red colour in the lower edge of the caudal fin. 

It will be noticed that, of these characters, the first is less distinct^, 
though -visible, while the two others, and especially the red on the lower 
edge of the caudal fin, are very conspicuous. It is interesting to note 
that in the transformation of these females towards the male side, a 
further effect of the su gene is revealed, viz. the occurrence of a red 
side spot on the tail. That I had not before noticed this effect of the 
su gene in the crossing experiments is simply due to the fact that pre¬ 
viously it was only by observation of the males that specific effects of 
the genes could be discerned, and as the males in those of my cultures 
into which the su gene had hitherto been introduced always possessed 

^ One of the females, $ 942, -which died on December 10th, 1926, showed a very 
pronounced yellow colour in the dorsal fin when preserved in formalin after death. 
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a Y chromosome also containing genes involving red spots on the side, 
it was not easy in such cases to see that the suljphureus gene of the 
X chromosome led to the formation of the red lateral spot. Further, 
it is now clear that a black side speck in the tail at the base of the caudal 
fin must he due to the sulphureus gene, as sulphureus individuals are 
generally provided with such a speck; it is not visible, however, in the 
hermaphroditic females. 

A hermaphroditic female of this kind has already been observed 
by Blacher (1926), curiously enough, of the same formula as the four 
females above mentioned; it contained the su gene, and its appearance 
was also, from Blacher’s Fig. 7, similar to theirs. Blacher demonstrated 
the existence of sex glands of a hermaphroditic character, and I was 
able to discern precisely the same in one of my specimens which I 
sacrificed for the purpose of investigation. Nevertheless, the animals 
were able to copulate successfully with normal males. Two of the 
animals gave birth to normal ofispring after pairing with males. 

One of them, $ 942, has given birth to 82 young, of which, however, up 
to date only 8 X^^Y^^a dd + 7 X^Y^ dd can be distinguished; the other 
female, ? 944, gave birth to 17 young, among which up to date are 
3 Xs„Y„j£j dd + 2 Xq Y^„a dd- As was to be expected, the ofispring segre¬ 
gated in the proportion of 1 : 1, 

There is also another similar case in my cultures. Among some older, 
unpaired females of mixed ancestry there was found a female with 
mascuhne characters and with yellow colouring in the upper part of 
the caudal fin (see Plate I, fig. 17). It was paired with an y^o'^ma lua-lc 
and has up to date produced 91 young, of which up to the present only 
23 sons have been found determinable as to formula: 12 were X^jY^^ 
and 11 were y^o^ma so the hermaphroditic female in question must 
be XoXgj. After pairing, the yellow colouring in the caudal fin dwindled 
considerably; a slight extension of the anal fin, however, was retained. 

One or two other cases of the transformation of older females in the 
male direction have been noted, and I have no doubt but that it is 
merely a corresponding alteration of the sex characters, such as is well 
known in castrated or older individuals of several animal species. On 
the other hand, it is not a case of aberrant, intersexual individuals pro¬ 
duced by non-disjunction, for, if so, not all the individuals in one culture 
would be intersexes, and the pecuHar appearance would have been 
observed at an earlier stage of fife. Judging by their ofispring they also 
behave as perfectly normal females. 

The principal point of interest about these hermaphroditic females 
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is that they enable us to determine the effect on females of the gene 
they are known to possess; and, what is more, they show beyond all 
question that female individuals, i.e. the homogamous sex, in Lehistes 
also contain male dispositions. 

Despite the fact that sex determination in Lehistes is of a different 
sort from that in Drosophila, where no dominant male gene is found in 
the Y chromosome, the difference in principle is not so great as one 
might at first be tempted to suppose. In Lehistes, also, the autosomes 
contain dispositions towards both male and female sex characters; the 
presence or absence of the Y gene is only that which oiormally regulates 
the sex determination. 

During the past years, I have made a genetic analysis of several 
Lehistes types with a view to ascertaining whether, as my previous 
investigations might suggest, all the colour markings in Lehistes reticu- 
latus are due to genes associated wnth the sex chromosomes. As already 
mentioned, five genes were hitherto located in the Y chromosome, and 
two in the X, both of which at times showed crossing-over to Y, whereas 
not a single gene was located in any one of the 22 autosomes. 

The material on which these further investigations is based was 
procured partly from private owners of aquaria in Copenhagen, partly 
from the former Danish West Indies. With regard to the last-named 
material, the following should be noted. Lehistes is extensively used as 
a means to the suppression of mosquitoes, and has been introduced for 
this purpose into Panama, the Antilles, and elsewhere. It is placed in 
the water tanks of private residences, where rain water is collected in 
the wet seasons for use in the dry; the fish then live largely on the 
mosquito larvae which are constantly being deposited in the tanks. 

When the Danish expeditionary vessel Dana came home, in July, 
1922, from a cruise in the Atlantic, after visiting, inter alia, the former 
Danish West Indian Islands, the leader of the expedition. Prof. Johs. 
Schmidt, who is Head of the Carlsberg Laboratory, brought me some 
Lehistes which had been procured from water tanks. I take this oppor¬ 
tunity of expressing my best thanks to Prof. Schmidt for this material. 
As was to be expected, these specimens contained other colour factors 
than those I had previously had an opportunity of analysing in fishes 
procured from aquarium dealers in Denmark and adjacent countries. 
Altogether, I have been confirmed in my previously expressed suppo¬ 
sition, that there are in Lehistes a very great number of varieties, and 
that we shall for some time to come have no difficulty in demonstrating 
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the existence of genes not yet analysed, though, on the other hand, certain 
genes involving particularly handsome colouring or particularly deco¬ 
rative prolongations of the fins, may very possibly be found most widely 
distributed among those races which have been more especially adopted 
as favourites in aquaria. 

2. DESCRIPTION OP NINE NEW GENES. 

I shall in the following describe nine new genes, in regard to which 
nothing has been published hitherto. Their specific effects are shown 
in the coloured Plates I-III. It is a matter of judgment how many 
details are to be given in the description of the effect of genes. In the 
following I have emphasised only the most significant characters. To 
three of the genes formerly described have been added some minor 
characters to the description, as mentioned in section 3 (the sulphureus- 
Gomplex) and section 6 {fenugineus^ iridescens). Owing to the increasing 
number of genes, these are here, in contrast to previous works, indicated 
by two letters representing an abbreviation of the full name. It should 
also be noted that the females used as reaction specimens in the 
following experiments have throughout been taken from the mmulatus 
race or the iridescens race, in which the females always lack disposition 
to colouring. 

TiGRINUS [TI] and LVTEUS {lu) in X, WITH AUREUS (au) IN Y. 

The individual effects of these three genes in males ^re as follows: 

iicjrinus {ti) in X (see Plate III, fig. 67). 

Vertical bar pattern on tail, viz. 1-4, generally only 1-2 black pigment 
stripes, which are more or leas conspicuous under more or loss favourable 
conditions. 

luteus (hi) in X (see Plate III, fig. 68). 

Large, early developed sulphur- or egg-coloured caudal fin portion; the 
caudal fin itself black-fringed. 

anreus (au) in Y (see Plate III, fig. 62). 

1. 2-4 horizontally extended red spots on the side. 

2. Black spot on the breast. 

3. Black speck at root of tail or in tail fin, sometimes high up, sometimes 
lower down. 

4. Bright yellow coloming in the lower, but more especially in the upper 
part of caudal fin, which is often prolonged and fringed with black. The yellow 
colouring spread with increasing age, so that the two yellow patches are almost 
umted into one. 

In April, 1922, I received from a dealer named Nielsen, Gammel 
Kongevej 80, Copenhagen, some male Lebistes which were characterised 
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especially by a large patch of bright yellow colouring over the caudal 
fill, as shown in Plate I, fig. 22. Some had, moreover, distinct transverse 
stripes, as shown in Plate II, fig. 40. 

Some of these males were paired with Lebistes females having no 
disposition to colouring, i.e. females, in order to analyse the males. 

A striped male (Plate II, fig. 40), which was given No. 440, was found 
to possess colour genes both in the X and in the Y chromosomes. The 
X chromosome had indeed two colour genes, which were thus coupled, 
viz. tigrinus (ti), which gives the vertical striping of the tail seen in 
S' 440, and a gene, luteus (lu), which produces in the males, while still 
young, a bright yellow colouring of almost the whole caudal fin. These 
two genes however are so closely coupled that they act like a single 
gene-complex (see Plate III, fig. 66) which is only occasionally broken 
by crossing-over. Up to now, I have only observed one case of crossing- 
over, and here, it was the tigrinus gene alone which had entered into an 
X chromosome, while the luteus gene must have crossed over to the 
Y chromosome, of which more hereafter. 

In addition to the two coupled genes in the X chromosome, S 440 
possessed, as mentioned, also a Y gene, viz. aureus, which produces in 
young males, inter alia, yellow colouring of the lower and especially of 
the upper margin of the caudal fin, the latter being often somewhat 
prolonged. In older males, the aureus gene is more effective (cf. Plate I, 
figs. 22, 23), the yellow colouring spreading over almost the whole of the 
caudal fin. It is thus evident that when luteus and aureus, which are 
very much alike, are both present in older males, the effect of the former 
is masked by that of the latter; only when the tigrinus, which is coupled 
with luteus, is also present, can individuals with the luteus gene be 
distinguished from those lacking it. 

The result of crossing S 440 with X^X^ females was as follows. The 
stripes disappeared in the sons, and this character must therefore be 
supposed to be due to the X chromosome, which passed to the daughters ; 
and on crossing these, it was also found that they were heterozygous in 
regard to the gene in question, tigrinus, as will be seen from the accom¬ 
panying table for Exp. I. The 21 sons of S 440, on the other hand, 
exhibited most of the other peculiarities of this type (Plate I, fig. 22) 
and were very much like one another. Their colouring is due solely to 
that gene in the Y chromosome which I have termed aureus. 

The Pj females were analysed by crossing with the well-known 
maculatiis males whose formula is X^Y^^^,, that is, they contain only 
one colour gene in the Y chromosome. This gave two types in equal 
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Experiment I. 


Y-linked inlieritance of the aureus [au) gene; X-linked inheritance 
of tigrinus [ti) and luteus {lu). 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 


$ 439 X 440 

theor.: ail Xo'>^U,lu 

21 X^Yau 

< 

[Xo Xq X Xjy ^au] 

{applied-. $$628, 530, 532, 684, 

{applied-. 693 and 


686 and 690] 

691] 




theor.: 1 X^ ; 1 X^j' 2 ^ Xq 

X.o'^ma 

lu^ma 


$ 528 X 629 


2 

0 


$ 530 X ^ 531 


1 

0 


$532x (JSSS 


3 

2 


9684x cj685 


5 

13 

(D 

03 


{applied-. $$818, 896, 898 and 

{applied: o^c?773,821, 

o 


900] 

841,895,897 and 899] 

o 

? 686 X 687 


13 

8 

1 



[applied: 774 and 

.o 



901] 



Total 





Calculated 


imijg 

log 


?592 (X,X„)x<J 593(X,Y„y) 

theor.: all XpX^ 



? 690 X (J 691 

theor.: 1 Xg X(,: 1X^^- X^ 

9XoY,y-|-6X2,.Y„y 

< 

[c/o $ ^o^ti ^ ^o'^aw] 

calcul.: [7 

5] [7-5] 


9?XoX(,x 3^^U,lu^ma 

theor.: all X^X^j- 2 ^ 



$ 772 X (J 773 

{applied-. $ 894] 

10 



$ 853 X ^ 821 


33 


m 

fl 

O 

Total 


43 (all 

XoY^J 

'43 

§ 

9$^0 Zw ^ lu^ma 

theor.:l X<,X{j^ 2 ^: 1 X{j-_ 2 y 

XoY^d 

^ ti, lu '^ma 

o 

tiD 

U 

9 818x1'^"'^^^ 


3 

13 

m 

4® 

$ 894 X (J 895 


12 



9 896 X 897 


24 



9898x $899 


10 



$ 900 X (J 901 


7 

mm 


Total 


69 

58 


Calculated 


[63-5] 

[63-5] 


The figures in heavy type indicate the individuals to be analysed. 
* And 1 c/o male with ti and ma only, not further analysed. 
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numbers, viz. as the table shows, a total of 24 23 lu^ma- 

The former type is seen in Plate I, fig. 18, the latter in Plate II, 
fig. 41. 

It will be clearly seen from Exp. I that the transverse striping, the 
tigrinus gene and the luteus gene coupled with it, are inherited in sex- 
linked fashion as a gene complex; the experiment also places it beyond 
doubt that the aureus gene is associated with the Y chromosome. It 
will also be noted that an F-^ male, d 593, transmitted the aureus gene 
to both its sons. 

On crossing two F-^ individuals with one another, $ 690 and c? 691 
(see Exp. I), we obtained, as was to be expected, a segregation. We 
should have expected to find $ 690 with two genes in one X chromosome, 
viz. of the formula but the result of the cross shows that the 

luteus gene was not found in. this female, which must have arisen from 
a crossing-over at the reduction division of the father, d 440, viz, by 
fertilisation of an X^ egg with an X^j- spermatozoon. For not a single 
one of the 15 sons of $ 690 had the caudal fin so highly coloured as 
would have been the case had the luteus gene been present, whereas 
naturally all 15 had yellow especially in the upper part of the caudal 
fin, all having Y^^. Segregation could thus only be discerned in regard 
to the tigrinus gene, the two types appearing as shown in Plate I, 
fig. 23, and Plate II, fig. 37. 

The combined sex-hnked inheritance of the tigrinus gene and one¬ 
sided masculine inheritance of the au gene explains the segregation 
above noted in the F^ generation. As all the males showed the Y^^^ gene, 
we have here also proof that it was not a simple case of dominance, 
when the 21 Fj males proved to be of the aureus type, but due to the 
fact that the gene in question is located in the Y chromosome, and is 
thus constantly transmitted from father to all sons. 

Exp. I further shows the results of crossings with four segregated 
females, $$ 818, 896, 898 and 900, which can, theoretically, be either 
lu or XqXo . As will be seen, they proved to be all four of the 
first-named formula, half their sons having the formula X^Y^ and half 
there were in all 57 and 46 respectively of the two types. 
$ 894, which, as will be seen, should theoretically be X^X^^^ gave, as 
was to be expected, offspring which segregated in the same way. 

Finally, Exp. I shows that two segregated X^^-^ lu^rna males, 773 
and 821, when crossed with X^X^ females, gave only X^Y^^ sons, in 
all 43 maculatus males. 

As mentioned, only a few of the males received were striped. Most 
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Genes in Lebistes reticiilatus 


Experiment II. 


Y-linked inheritance of the aureus [au) gene. 


Parents 

Female offspring 

Male offspring 


theor.; all X^X^, 

all XgYdtt 

$ 441 X 442 


5 

? 594 X c? 595 


5 

9 800 X 601 


2 

Total 


12 (all XoY„„) 


had evidently only the aureus gene. This is also apparent from the 
crosses in which three of the original males were used (see Exp. II). 

The 12 sons were, as was theoretically to be expected, all of the same 
appearance as the fathers. 

Other results besides those mentioned in Exp. I have also shown 
that the sex-hnked tigrmtis gene can occur independently of the luteus 
gene. This is shown by some crosses with c? 603 which was 

procured from the same source as the male Lebistes above mentioned. 
It was of the same appearance as the males used in Exp. II, but had 
presumably also the tigrinus gene in its X chromosome. It should be 
noted that it was not directly observed that S 603 was striped on the 
tail like d 440, but as the crossing analysis shows inheritance of the 
disposition to this, and as a note I made some time back (April, 1923) 
while the animal was alive can almost certainly be taken as implying 
this; and as, moreover, the stripes may be difficult to see, especially 
when the animals are young, or in poor condition, there is no doubt 
but that d 603’s formula must have been XfiYau- Exp. Ill shows the 
result of crossing with this male. 

None of the six sons exhibited stripes, but on crossing a daughter, 
$ 739, which of course should have had the formula X^X^i with a 
maculatus male, X^Y^j^, we obtained, as the table shows, a very distinct 
segregation 1 : 1, viz. 29 X^Y^^^ + 60 Xj^Y^^j. The two types are shown 
in Plate I, fig. 18, and Plate II, fig. 38, The striping is thus sex-linked 
in its inheritance. This is further confirmed by the behaviour of the 
three males 875, 877 and 879 of the formula Xf^Y^j^, derived from the 
last-mentioned cross. When paired with X^X^ females, these three males 
produced exclusively X^Y.^^^j sons, in all 62. 
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Experiment III. 


X-liuked inheritance of the tigrinus {ii) gene. 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 



tlieor.: all X^X^^- 

all 


ISsjx^SOS 

[applied-, o 739 j 

1 

5 


Total 


6 (all XoYa„) 


$ 739 X 740 

theor.: 1 X^Xii: 1 X^Xo 

29 XgY^jfl + 30 X^j-Y Yna 

O o 
^ o 

[X„X^ixXoY^,«] 


[applied: $^^'15, 877 
and 879] 

» 


theor.; all X^X^^- 

all XpY^na 

S IS 

874 X 875 


21 * 


$ 876 X ^ 877 


18 

to 

0 878 X 879 


23 


Total 


62 (all XoY„,o) 


Furthermore, 2 c/o males were found with ftia and ti, this last gene presumably 
having crossed over to the Y chromosome. 


I have also had Lebistes with Y^u froni another source, viz. from 
Hr. Hansen, 0resundsve3 2, Copenhagen. Even by direct observation 
it seemed likely that these Lebistes males would have the same Y-linked 
gene as those from Hr. Nielsen, Cammel Kongevej; and probably the 
animals from these two distinct quarters were themselves originally 
derived from one and the same source. 

Three males were used for crossing, viz. dd 460,462 and 464; they were 
all entirely similar in appearance, roughly that shown in Plate I, fig. 22. 
None' of the specimens had transverse stripes like (J440; neither the 
tigrinus nor the luteus gene could have been present in their X chromo¬ 
some. This last is here empty, so that the formula will be X^Y^j^, and 
thus agrees with the males analysed in Exp. II. The crossing analysis 
also showed this (see Exp. IV). 

As will be seen, all the 45 sons were of the same appearance as the 
fathers. An male, 586, was crossed again with an X^X^, female, 
and yielded, as was to be expected, again males of the same appearance, 
viz. 4X„Y^,,. 

The Fi females would be expected to have the formula X^X^. Two 
of these were paired, as will be seen, with macidatus males, X^Yj^a, and, 
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Gmies in Lebistes reticiilatus 


Expeeimbnt IV. 


Y-Iiuked inheritance of the aureus (au) gene. (The origin of these three 
males is different from that of the males in Exp. 11.) 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 



theor.; all X^Xo 

all XQYfjy 



[applied: $587 here, $762 in 

- 

6 



Exp. X] 

7 

4 


? 582) 


3 


$461) 


5 


$473 - d'462 


2 


$524 j 

[applied: $ 750] 

11 


$ 463 X 464 


7 [applied: ^ 586] 


Total 


45 (all X^Xau) 

s 

Cfi 

0 

§ 

$ 585 X 586 


4XoY«« 

Fi Xq X 

theor.: all Xq 

all XoYfljo 

4 

$587x ^588 


3 

ta 

A 

? 750x^^680 

__ 


12 


Total 


15 (all XoX^a) 


as expected, transmitted no colouring gene to their sons, their X chromo¬ 
somes being empty. All the 15 sons were of the maculaius type. 

It will be seen that the three new colour genes here described in 
Lebistes are all located in the sex chromosomes, viz. two of them in the 
X and one in the Y. Only in the case of the third, luteus, has it been 
shown that it can proceed from the X chromosome, presumably of 
course by crossing-over, to Y. As to the frequency of such crossing-over, 
we can at present only say that it seems to be relatively rare. 

Zebrinus (ze) in Autosomb 1 . 

In January, 1918,1 selected from among some Lebistes received from 
Hamburg a male specimen distinguished inter alia by vertical stripes 
on the tail, as if it possessed the previously mentioned tigrinus gene, 
though this, as a matter of fact, was not known to me until later, and 
is actually of a different origin. In contradistinction to the tigrinus 
gene, which was associated with the X chromosome, the zebrinus is 
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situated in an autosome wliich, we will call No. 1 of tlie 22 autosomes 
found in Lebistes. 

zebrinus (se) in autosome 1 (see Plate III, fig. 71). 

A barred pattern of vertical stripes on the tail, viz. 2-5, generally 3 dark 
pigment stripes. The effect resembles that of the tigriniis gene, but is as a rule 
more pronounced. 

I have been making investigations for eight years with this gene, 
though it is only during the last few years that they have been syste¬ 
matic and thorough; that is, after I had perceived that this gene differed 
as regards its mode of inheritance from the others known to me in 
Lebistes. The inheritance is as that of an ordinary mendelian dominant 
factor. 

That I have not previously published anything regarding this gene 
is due to the fact that ses-linked inheritance with frec^uent crossing-over 
between the X and the Y chromosome might easily be confused with 
ordinary mendelian inheritance, and it was therefore desirable to have 
an abundance of numerical material. There can now no longer be any 
doubt but that this secondary sex character, in contrast to those pre¬ 
viously known in Lebistes, is inherited through an autosome. 

The proof of autosomal inheritance lies partly in the fact that certain 
males have proved homozygous with regard to the zebrinus gene, pro¬ 
ducing exclusively transverse barred sons, while others only transmit 
zebrinus to half their sons; partly in the fact that the barred Lebistes 
male can transmit the ze gene equally well to sons and daughters. 

These facts might, however, still be explained by sex-linked in¬ 
heritance, if the Lebistes males were homogametic and the females 
heterogametic; but, as I have long since shown, the reverse is the case. 
And as, moreover, Lebistes females with the ze gene are often hetero¬ 
zygous and transmit the disposition to half their sons, the position is 
perfectly clear. 

The original zebrinus male, d 171, was evidently homozygously 
barred, for on crossing with an X^X^, female, ? 197, it produced, as far 
as could be seen from the offspring preserved in formalin, exclusively 
barred sons, viz. 20 in all, while when crossed with three other females, 
likewise without colour disposition, he produced 4, 1 and 12 sons re¬ 
spectively, all, as far as could be ascertained, transversely barred. 
A like result would, of course, be produced if the Y chromosome con¬ 
tained the zebrinus gene, since all the sons derive the Y chromosome 
from their father. As will be shown in the following, however, the 
females also receive the ze gene. 
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Oenes in Lebistes reticiilatus 
Exi'eriment V. 


Autosomal inlieritajice of tlie zdjrinus (ze) gene. $ 369 appears to 
be homozygous for zebrinus (formula; 1 so be wa) • 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 


? 367 X cJ 369 

'theor.: all 

[applied : $ $ 474,476,480, 482, 
709 and 711] 

1 ^ Ehe ^o'^ma 
[applied: ^(^iSQ, 491, 
493, 710, 712, 718,720 
and 722] 



theor: 1 IqIo ; 1 Igglo 

^XB^O 

lob 

t> 

5 474 X (5 475 
? 476 X <5 ill 
$ 480 X ^ 481 
? 482 X ^ 483 


4 

■ 2 

9 

9 

6 

0 

10 

10 

OS 

02 

03 

C3 

s 

Total 

Calculated 


24 

[24-5] 

25 

[24-5] 

O 

9?.1o1oX 1()1s!e= 

theor.: 1 lolo* 1 hcb 


bb 

>ack-erosses of t 

. $488x^489 
$ 490 X ^491 
$ 492 X ^493 

$719x^720 
? 721 X ^722 


1 

2 

3 

] 

1 

14 

4 

2 

2 

4 

8 

2 

13 


Total 

Calculated 

* 

29 

[32-0] 

36 

[32-0] 



theor.: 1 Ifllg : 2 l^gh : 1 hehe 

behe + beb 

bb 

X 

0 709x (J710 
$711X(J712 

[applied-. $823] 

3 

20 

[applied: (^831 

0 

4 

] 


Total 

Calculated 

> 

23 

[20-25] 

4 

[0-75] 

M 

!h 

$ 823 X cj 824 
[iflbe X Ifilo] 


with 2 e 

without ze 

■S> d 


16 

19 






03 

&i3 

¥ 830 X (3'831 

[I^I^X Igf lag] 


7 

0 


* In order to facilitate a general view, the x and Y ohromosomes are omitted from the 
forranlae, p they are of no importance in this connection. The recessive types used for 
hack'crossing were nearly all X^X;, in the case of the females, and XoY„„ in the case of 
the males. 
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A daughter, $ 294, of the original, transversely barred d 171, was 
crossed with a maculatus male, d 295, and in this race, no transverse 
barred specimens had ever appeared, A barred male. No. 369 (see 
Plate II, fig. 46) from this crossing, formed the starting point of a long 
series of further pairings, as shown in Exp. V. 

The 19 sons of d 369 were, as will be seen, all barred, but an investi¬ 
gation of the next generation shows decisively that the zehrimis gene is 
not restricted to the Y chromosome, as 4 daughters and 7 sons, back- 
crossed to the recessive, non-barredtype($$; l^loX^X^anddd: 
all showed 1 : 1 segregations, all being heterozygously barred, ‘ig^ze- 
I counted in all, after such back-crossings, 53 barred and 60 non-barred, 
as shown in the table. Ze must therefore be located in an autosome. 
That the 2 sons of $ 476 both had the zehrinus gene is of course quite 
accidental. 

As will be seen from the next two lines of the table, the offspring 
of d 369 were also paired one with another; i.e. individuals which should, 
in the case of both sexes, be heterozygous in respect of ze. Considering 
the small number of sons, the divergence from what should theoretically 
be expected, i.e. a proportion of 3 ; 1, is not very striking; we had 23 
with ze and 4 without. 

One of the 23 males, d 831, which was paired again with a IoIq 
female, must presumably have been for its 7 sons were all foimd 

to be barred. A sister to these males, ? 823, on the other hand, paired 
with a male 1o1o, proved to be heterozygous, Iglge, for 16 of its sons 
were barred, and 19 were not. 

Several other crosses have also been made with zebrinus individuals, 
but I do not consider it necessary to give the whole of the complicated 
pedigree. The most interesting thing to note is, how a great number 
of Lehistes which, from their ancestry (and appearance) should, theoreti¬ 
cally, have been heterozygous in respect of the zebrinus gene, behaved 
when back-crossed with individuals lacking that factor. Exp. VI gives 
the crossings of this, category not included in Exp. V. 

The segregation shows beyond question a 1 ; 1 proportion. On 
addition of the back-crossing results in Exps. V and VI, which are, of 
course, the same in all essentials, we obtain 192 males zehrinus and 
181 without. 

In this connection, it should be noted that the effect of the zehrinus 
gene may occasionally be observed also in females. Thus in 1922, for 
instance, it was noticed that two females of the same ancestry as the 
mentioned $ 369 had barred tails, the marking being visible when viewed 

Journ. of Gen. xvin 2 
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Genes m Lebistes reticiilatus 

Experiment VI. 


Autosomal iniieritance of the zehrinus gene. Other crossings of hetero¬ 
zygous zebrinxis individuals (lolgc) with the l^lo type. 


Parents 

Male offspring 

$? ^ 0^0 

■with ze 

without ze 

0 382 X (? 383 

2 

4 

$ 655 X ^ 666 

8 

2 

$ 705x (J706 

2 

2 

Q 707 X 708 

4 

1 

$$ ^oh^dd E^so' 



$496 x^497 

4 

1 

|JSiKi499 

4 

3 

1 

s 

$659 X (S'660 

2 

1 

$663 X(?664 

13 

7 

$667 X(J668 

6 

5 

$669 X 6^670 

12 

13 

$671 x<J672 

1 

7 

$697 X(J666 

1 

2 


4 

8 

6 

3 


4 

6 

6 

6 

0 801) ^ 

12 

6 

7 

$ 802 ! "^dsos 

7 

0 804) 

16 

12 


5 

5 

Total 

123 

102 

Calculated 

[112-5] 

[112-5] 


Experiment VIL 

Two phenotypically barred females appeared to be 
probably homozygous 



Male offspring 

Parents 




with ze 

without ze 

. . 1 $484x^485). . 

'se'se 1 $486x<?487i 

4 

0 

5 

0 

Total 

9 

0 
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in a favourable light. The animals were then sometiiing over two years 
old. These two females, 484 and 486, were probably homozygously 
barred, as all their sons had the barred marking (see Exp. VII). 

Three daughters of the mentioned $ 486 were analysed by crossing 
with maculatus males, and proved, as expected, to be heterozygous in 
regard to ze. These daughters were numbered $$ 655, 705 and 707, and 
are shown in Exp. VI, where the segregation will be seen. In all 12 
offspring of the barred females had the zebrinus gene, which was either 
demonstrated by direct observation (the sons) or by crossing-analysis 
(daughters); none, however, lacked ze. Everything thus seems to 
suggest that the two females, 484 and 486, were homozygous in regard 
to ze. Whether the visible barred marking in these females is actually 
due to their being homozygous is not certain. 

Abmatus (ar) in Y. 

In 1922, I received from Hr. Jensen, Husumgade, Copenhagen, a 
Lebistes male with a remarkably long, sword-like lower prolongation of 
the caudal fin as shown in Plate II, figs. 24-25. The animal in question 
was said to be a hybrid between XipJiophorus Helleri and Lebistes reticu- 
latus. But the number of rays in the dorsal fin, which is twice as great 
in Xi'plio'pliorus as in Lebistes^ at once showed that this was incorrect, 
for the number of rays here was 7, as generally found in Lebistes, and 
the specimen had, apart from the sword-like prolongation of the fin, 
no resemblance to XiphopJiorus. Indeed, as far as my experience goes, 
it is impossible to cross the two species. I may mention that the chromo¬ 
some number in Xiphophorus (male) is 23 or 24 haploid, i.e. identical 
with or very near to that of Lebistes, but I have not made any further 
investigation of the cytology of this species. 

The prolongation of the caudal fin, and other characters in the 
mentioned male Lebistes, d 458, were due, as genetic analysis showed, 
exclusively to a single gene, armatus, located in the Y chromosome, 
and with typically one-sided masculine inheritance. 

armatus {ar) in Y (see Plate III, fig. 53). 

1. Two to three red patches on the side, the largest low down on the tail. 
Often also a red spot at the root of the caudal fin itself. 

2. One to two black spots on the side in front of the dorsal fin. One is 
always high up, and often divides the foremost red patch into two. 

3. A little black speck in the caudal fin or occasionally farther back on the 
tail. 

4. A long, dagger-shaped, sulphur-coloured prolongation of the lower edge 
of the caudal fin. 


2-2 
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Genes in Lebistes reticiilatiiH 


Experiment VIII. 


Y-linked inheritance of.the ammtuH (ar) gene. 


Genera¬ 

tion 

Parents 

Pern ale offspring 

Male ollspring 



theor. : all X(, X^ 

5 XoY„, 



{appliedt 99 686 and 646] 

[apjdicd: (3*640] 


$ 644 X 640 

theor,: all Xq X„ 

25 X 

o'^ar 

xn 

o 

t X/i 

1.^0 ^0 ^ 

[applied: 9749] 

la2)pLkd 69 and 846] 

O 

9? XoXo (segregated) 

theor.: all X(,X„ 

all X 

o'^ mu. 

o 

^ oc? ^o'^ma 




^ o 

9 636 X cJ 632 
$ 646 X c? 698 

9 749 X 654* 


1 

3 

9 


Total 



za 

d 

O 

$X„X,ixdd X«Y«, 

theor.: lXoX(,: 1 X^X^-j 

X()Yfl,. 


g 

o 

o 

tS} 

O' 7(i8 y 5 69 


3t 

4 

2 





u 

Total 


7 

2 

1 - 

Calculated 


[4-5] 

[4-5] 


* ^ 654 tad, however, one more gene apart from these, but no further mention need 
be made of this in the present connection. 

•f We anight here expect segregation of males; as it haxapened, hiawevor, none 

of the three males had Xjj, 

As will be seen from Exp. VIII above, all sons of arniatus males 
inherit throughont the appearance of the father, even where armatus 
individuals are crossed for generation after generation with 
females of other race. It is thus indisputable that the armatus gene is 
located in the Y chromosome. 

Pauper {pa) and cinnamoiieus {oi) in Y, with lineatus (li) in X. 

Among the Lebistes brought home from the West Indies there was 
a male, ^ 506 (see Plate II, fig, 27), which was found to have a single 
gene for colour marking in the Y chromosome. This gene I have called 
pauper, from its being, for a Y gene, relatively poor in decorative value. 
In another male, ^ 501 (see Plate II, fig. 28), from the same locality, 
vdth handsomer colouring, it was found that two other genes besides 
pauper were present, viz. one more in the Y chromosome, cinnamomeus, 
and one in the X chromosome, called lineatus. The original, 9 536, was 


















( ). Wings 


21 


also analysed, and found to contain tlie lineatus gene, though, this was 
of course not phenotypically visible in the individual itself, but only 
appeared in the offspring. 

The three genes, whose individual effects are here appended, are thus 
in two cases of one-sided masculine inheritance, the third being sex- 
linked as shown in the following crossing experiments. 

pauper {pa) in Y (see Plate III, fig. 58). 

1. Small, horizontally extended red patch set high up on the hinder part 
of the tail; occasionally bisected by the lateral line. 

2. A black speck on the side behind the red patch. 

3. Occasionally, there may also be a black anal speck and a black spot on 
the breast; also a little red in the dorsal fin. 

einnamomPMS (ci) in Y (see Plate III, fig. 59). 

1. A peculiar metallic sheen, of a warm brownish yellow, on the side of the 
body; most conspicuous in direct light. 

2. A minute faintly yellow flame proxiinally in the lower part of the caudal 
fin, not always visible. 

The effect of the ci gene is on the whole more difficult to recognise than that 
of the other genes, and, as already mentioned, does not involve any sharply 
defined marking on the body. 

lineatus (li) in X (see (Plate III, fig. 56). 

1. A red, black-edged stripe in the upper margin of the caudal fin, *which 
is often somewhat prolonged. 

2. Generally a black speck at the root of the caudal fin. 

In this case also analysis was made by crossing the original males 
with, females of the niaculatus race, which has no disposition to colouring 
with subsequent back-crossing to the maculatus race. 

In the case of d 506 (see Plate II, fig. 27), the formula for wdiich 
was > Exp. IX shows the analysis of this. 


Experiment IX. 

Y-linked inheritauce of the pauper ( jki) gene. 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 

H 

0 554 X ^ 506 

theor.: all X^Xp 

i X«Yj,« 


[Xo Xq X X(j Yj^dl 

[applied: C 747] 

[a%yplied: d‘(j724and776] 


??X«X,x3'd'X,Y„« 

theor.: all 

all XgYj)ii 

02 

O 

$ 723 X d 724 


20 

02 

O 

? 775 X 776 


8 

cS 

Total 


28 (all XqYjjq;) 


9 747 [X^Xq segregated] 

,x ^748[X„Y,„„] 

theor.: all X^Xq 

1 XoY„,<, 















22 Gmes in Lebistes reticulatus 

As all male offspring of tlie original ^ 506, both in and after back- 
crossing of F-j^ males, were altogether identical with this, it is evident 
from this experiment that we have here to deal with a Y-linked gene. 
This is further confirmed by the analysis of (? 501, which also had the 
pauper gene, as described in the following. 

The original West Indian 501 (see Plate II, fig. 28) was of the 
formula d- ^ crossing with an female, $ 500, at once 

suggested that the red stripe in the upper margin of the caudal fin, 
lineatus, was associated with the X chromosome, for 12 sons all lacked 
the stripe, which was due to the lineatus gene. This last had been 
transmitted to all the daughters of d 501, as was proved by a cross of 
4 of them (see Exp. X). 

As regards the cinnamomeus gene, it is only in the last few genera¬ 
tions that it became evident that this was inherited through the Y 
chromosome. Owing to the inconspicuous effect of the ci gene, it was 
partly overlooked in the first years. It is therefore dealt with separately 
here, and not mentioned in Exp. X, which gives only the inheritance 
of the lineatus and pau 2 ')er genes. 

Exp. X places it beyond doubt that the pauper gene is always 
transmitted from the father to all sons; which conclusion was, indeed, 
already indicated by Exp. IX. All the 97 sons noted in Exp. X as 
ofispring of males with the pauper gene showed the presence of this 
gene. In Exp. IX and X, I investigated altogether 129 sons of 11 
different pauper males, belonging to various generations; in no single 
instance did these sons lack the pauper gene, which is thus linked to 
the Y chromosome. 

That the lineatus gene, on the other hand, is situated in the X chromo¬ 
some, is no less certain, for none of the 30 sons of males with lineatus 
noted in Exp. X had received this gene from the father, whereas all 
the daughters of li males further analysed proved to be heterozygous 
in respect of this gene. When crossed with maculatus males, or Xj,;Y^j^ 
males, they segregated in aU 59 (see Plate II, fig. 29) and 

72 sons (see Plate I, fig. 18), which agrees with the proportion 

theoretically to be expected, viz. 1:1.— 

We have still to consider the cinnamomeus gene, which formed an 
item in Exp. X, where the original, d 501, possessed it. As already men¬ 
tioned, it was only in the later generations that it was discovered to 
be—like pauper —associated with the Y chromosome. As, however, the 
original pawper individual in Exp. IX, d 506, and all its ofispring lacked 
ci, it seems as if this gene can, in crossing over, disappear from the 
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Experiment X, 

Y-linked inheritance of the 'jpauper (pa) gene.; X-linked inheritance 
of the lineatus (li) gene. (The individuals marked * are segregated 
from other experiments.) 


Pemale oSspring 


Male oSspring 


?500x(J501 theor.: all X(,Xii 

[XqXqX XjjYjid] [apph'ed: $^628,699,701 a.nd 703] [applied: 609 and 627] j 


??XoXoX<?(5XoYj,a: theor.: all X^X,, all X^Y^^^ 


$ 608 X cJ 609 [applied: $ 789] 1 

$626X(J 627 [applied: $$790,801,802,804 ll[a7373M:^(J778,782, 

and 805] 791, 794 and 857] 


12 (all X^y^a) 



Total 

Calculated 

$ 762 (from Exp. IV) x 648 
[X^Xq X Xj^Y^a] 


9? ^0^0 ^ c?<? 


theor: all XcjXjf 18 XoY„,tt 

[applied: $2 902, 904 and 906] 


theor.: all XnX„ all XoYmo 



$$ XqXo (segregated) 


$ 789 X 674 
S8M 


Total 


$$ XflXjj X XjjY.^3: 


9 902 X 903 
$ 904 X 905 
$ 906 x (J907 
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Y cliromosonie, or else it must liave arisen or become eliminated by 
mutation. Crossing-over bas not hitherto been observed with certainty, 
and in no case has it, up to now, been inherited through females. It 
was thus easy to arrive at two constant “races,” the males of one 
ha\dng the formula (see Plate II, fig. 27) and those of the 

other XoYjia c» (s®® Plate II, fig. 39), while the females in both are 

XA. 

Owing to the inadequacy of the earliest observations in regard to 
occurrence of the ci gene, I give no pedigree of this here, but a brief 
general description. 

Of 12 sons of the original, cJ 501, 8 at any rate are known to have 
had cinnamomeus, and even one of the sons not noted as possessing the 
ci gene transmitted this to several of its sons, which shows that the 
observations must have been inadequate, since there is no instance on 
record among Lebistes of genes for colour pattern being recessively 
present. They have always been directly discernible in the males 
possessing them, and it is probably only because the effect of the ci gene 
is relatively weak and only observed after some experience, and when 
the animals are in a good state of health, that it escaped notice in 
several specimens. That the inheritance of ci is one-sided masculine 
becomes a certainty when we mention that the sons of the mentioned 
d 627 used for crossing, viz. dd 778, 782, 791 and 794, have up to the 
present produced 30 fully grown sons, which, with the exception of a 
single specimen, all exhibited the presence of the ci gene; possibly this 
one may also develop the character as it grows older.— 

As mentioned on p. 20, one of the original females brought home 
young from the West Indies also revealed the sex-linked lineatus gene. 
This female, numbered $ 536, was paired with a maculatus male, and 
the result of the analysis thus commenced is shown in Exp. XI, 

It will be seen from Exp. XI that the West Indian female was 
heterozygous in regard to the lineatus gene, as 2 of its 3 daughters had 
inherited the Zf gene. Only one son attained full maturity and exhibited 
the effect of the li gene; and it was this which led to the pairing of its 
sisters in order to make sure as to the sex-linked inheritance of the 
lineatus gene. The solitary son left no offspring. Of the 3 daughters, 
$ 717 evidently did not possess li, for none of the 15 -f 5 sons inherited 
it. Both the other daughters, however, $ 719 and 721, had the formula 
XqXj^ since, when crossed with maculatus males, they produced sons of 
both kinds, some (12 spec.) and some X^Y^^^ (18 spec.). As 

was to be expected, the male offspring of one of these X^Y^^^ males, 
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Experiment XI. 


The original West Indian $536 contains the X-linked lineatus (li) gene. 
(The individuals marked * are segregated from other experiments.) 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 


0 536X <^537* 

X XqY^j^] 

theor.: 1 X^Xq : 1 X^X^^ 
[applied: $$717, 719 and 721] 

1 


9 XflXo (segregated) 

^ ^o^ma 

theor.: all XqXq 

all XgY,„(i 




15 

0 

tn 

CD 

OS 

p 

o 

Total 



99X«XziXoV 

theor.; IX^X^: lX,Xzi 

^o^ma 

X li^nta 


9 719 X d720* 

9721 X d722* 


2 

16 

1 

11 

[applied: (5797] 


Total 

Calculated 


18 

[lo"-0] 

12 

[15'0] 

later 

genera¬ 

tions 

9.795* X ^797 

[XoXoXXi;Y„„] 

theor.: all X^Xj^ 

10 XoY,„j(j 


d' 797, paired with an female, were all Xo^ma (15 in all), thus 
confirming the sex-linked mode of inheritance of this gene. 

The maculalus male, S 782, with which $ 721 XqXj^ was paired, was 
barred, and proved to be heterozygous for the zebrinus gene. Conse¬ 
quently, three genes must have been implicated in this crossing, viz. 
lineatus, zebrinus and maculatus, the inheritance of which is sex-linked, 
autosomal and one-sided masculine respectively. The following arrange¬ 
ment shows the segregation as a whole, only the sons being here con¬ 
sidered. 

9 721 X d 722 

! ^o^ze^o'^ma 


^o^o^o'^ma ^ ze^li^ ma 

Theoretic 1:1: 1:1 

Actual 10 4 6 7 

Both the parents and 12 of the sons are shown in Plate I, fi.gs. 1-14. 
The four types, which should theoretically appear in equal numbers. 
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will be easily distinguished. Tlie barred pattern ze, or the lack of it, 
is freely combined with the red stripe in the caudal fin, li, or the lack 
of it. All, of course, exhibit the maculatus characters. 

It is thus evident that the West Indian Lebistes female was hetero¬ 
zygous for the lineatus gene, which is not surprising, since it was pre¬ 
sumably related to the West Indian males with the li gene, in the company 
of which it arrived here, when young, from the West Indies. 

Varjabilis {va) in Y. 

Two of the original Lebistes males brought from the West Indies 
were of different appearance from those above mentioned, but very 
much alike one to the other. They were also subsequently found to 
possess the same gene for colour pattern, viz. variabilis,''’ denoted by va. 

My reason for naming this gene variaUlis is, that its phenotypical 
variation is greater than in any of the other types. Both the number 
of red side patches and the number and position of black specks, as well 
as the pattern on the caudal fin, are subject to considerable variation. 
The most characteristic features are noted in the following description. 

variaUlis (va) in Y (see Plate III, figs. Si and 55). 

1. Generally 1 to 3 red side patches, the hindmost is the largest, and most 
of it lies below the lateral line. The foremost is often obliquely above and 
behind the pectoral fin. 

2. A black speck at the root of the tail, and another on the side of the body, 
with occasionally a smaller one between them. 

3. A milky, somewhat labyrinthine pattern in the upper part of the caudal 
fin, which is here inclined to extend out into a point. The extent of the marking 
varies from a rather narrow border at the upper edge to a pattern, covering 
the whole upper half of the fin, and can in extreme cases also appear on the 
tail and body. 

One of the two Lebistes males with, the variahilis gene was No. 470, 
and the analysis of this appears in Exp. XII. It was paired, first with 
an female, $ 553, and again with 9 350, which was heterozygous 
in the sex-linked gene-complex sulphureus, which has already been 
dealt with. 

Taken by itself, the little Exp. XII cannot be said to prove one¬ 
sided masculine inheritance of the variahilis gene, though it does suggest 
this. On comparing the results with those of Exp. XIII, in which the 
very similar d 508 is analysed, the mode of inheritance is placed beyond 
doubt. 

As the sons (47 spec.) of the four males are of the same appearance 
as the grandfather, $ 508, it is evident that the variahilis gene is situated 
in the Y chromosome. Furthermore, the crosses of 891 (see Plate II, 
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Experiment XII. 


c? 470 shows Y-linked inheritance of the variahilis {va) gene. 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 


$350 [XoXs„] 1 

[from other experiment] 1 x ^ 470 
9553 [XoXo] kXoY^a] 

theor.: 1 X^X^ : IX^X.^ 

theor.; all X^Xq 

5 XpY^.^ -1- 2 Xjjj Y^.g 
[applied: (3'607] 

4 Xo'^va 

back- 

cross 

9 606 X (J 607 
[^oX^ X XqY,,^] 

theor.: all X^Xq 

IXoY^a 


Experiment XIII. 


<? 508 shows Y-hnked inheritance of the variahilis (va) gene. 


Genera¬ 

tion 

Parents 

Female offspring 

Male offspring 


9507 [XoX,]) 

9 555 [XoXo]i O^^^LAoY^al 

theor.; all X,, X,, 

1 XjjY^d 

5 Xff y^n 

[applied : 32.734,784 and 786] 

u 

tn 

s 

9$ XoXoX 

theor.: ail X^ Xq 

aU X„Y,a 

9 731 X 733 


19 

o 

c 

$ 752 X ^ 734 


24 [applied: dd 891 and 8931 

9 7S3 X 784 


1 

rQ 

9 785 X (J 786 


3 

S 2 

03 9 

9 890 X cj 891 


6 

■g a .2 

tlO 

9 892 X (5 893 


10 


Total 


63 (all XoY^tt) 


fig. 26) and 893, representing the next generation, show that here also 
all of the 16 sons have the variabilis gene. 

In addition to the above-mentioned analysed specimens of Lebistes, 
there were also others, e.g. a male brought from the West Indies having 
a somewhat peculiar appearance, and which, after pairing with an 
XqXo female, produced 10 sons all resembling their father. Here again 
there was doubtless also a Y gene, but as the analysis was not carried 
further, there is the theoretical possibility that the specimen was homo¬ 
zygous in regard to an autosomal factor, and the gene effect is therefore 
not further discussed. 
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3. THE GENE COMPLEXES SULPHUBEUS AND RUBER. CROSSING- 
OVER IN BOTH SEXES. LOCATION OP THE GENES. 

As noted in the introduction, I have in two previous papers (1922 6, 
1923) demonstrated crossing-over between the X and Y chromosomes 
in the male Lebistes. In the case of the elongatus gene, the position was 
perfectly clear, in that this gene {loc. cit. 1923) fairly frequently, perhaps 
in something like 4 per cent, of the cases, crosses over from the X to 
the Y chromosome or vice versa. 

The crossing-over of the sulfliureus gene was not quite so clear, only 
one case of crossing-over being found {loc. cit. 1922 b). The pairing of 
an XflXg female, $ 140, with an male, d 114, of the “Magdeburg 

race” (see Plate II, fig. 30) produced 45 sons, of which 44 were X^Y^.^ 
(see Plate II, fig. 32), as was theoretically to he expected, while one 
(see Plate II, fig. 33) differed from the rest, exhibiting some sulpJiureus 
colours and some ruber, without having either of these dispositions fully 
developed. This particular male, which was born in October, 1917, died 
before it had been paired, and it was thus impossible to carry the matter 
further. Some subsequent experiments have, however, now shown that 
the conjecture as to crossing-over was correct. In view of the partial 
crossing-over of the sulphureus and ruber genes, I stated, in *1922, that 
they could not be single genes, but must be of a complex character, and 
I then gave the following schematic illustration of the X and Y chromo¬ 
somes in question, and the crossing-over. 


Yellow dorsal fin. 

Yellow lower side of the tail 

Yellow caudal fin ... 

Eemale determining recessive factor 
Red lower edge of the caudal fin ... 



Uncoloured dorsal fin 

Red upper side of the caudal fin 

Not yellow caudal fin 

Red spot on the side of the body 

Male-determining dominant factor 

Black side dot on the tail 


X Y 


■ The zigzag line drawn between the X and Y chromosomes indicates 
the cross-over Y chromosome, which at once shows what must have 
been the appearance of the divergent Lebistes male in question. The 
animal itself is shown, as mentioned, on Plate II, fig. 33, from the 
coloured drawing made in 1917. 
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In Marck, 1917, another male was born, o 514 (see Plate II, fig. 31), 
as the product of an entirely similar crossing-over, which here, however, 
took place in a female individual, namely, the mother of ^ 514. The 
pedigree of this animal appears in the accompanying diagram. 

March, 1918 x <? 189 (X^Y^ J 

(“Magdeburg race”) j (“Spot race”) 

April, 1920 ¥333 (XoXo) x ^ 334 (X,«Y,„„} 

(“Spot race”) | 

January, 1922 $413 (XgXsu) x. 383 (Kgu^ru) 

j (“Magdeburg race”) 

<?514 (X,/3„Y 

ru) 

(cross-over-individual) 


The appearance of c? 514 (Plate 11, fig. 31) shows that it lacks tw'o 
of the sulphureus characters, viz. the red in the lower part of the caudal 
fin, and the yellow in the caudal fin; it has, however, the yellow in the 
dorsal, and in the lower, hindmost part of the tail. All the rube)" char¬ 
acters are present, viz. the red in the upper part of the caudal fin, the 
black speck at root of tail and the elongated red spot on the side of the 
body. 

The explanation of this animal’s occurrence is clear beyond doubt. 
In the mother, ? 413 X^Xg^, a crossing-over has taken place between 
the X chromosomes, whereby the sulphureus complex has partly crossed 
over to the X^ chromosome. If, in the foregoing diagram of the crossing- 
over between the Xg„ and chromosomes, the latter be replaced by 
an Xq chromosome which, as we know, contains no colour genes, we 
then obtain, by crossing-over at this very place, the X chromosome 
which entered into the ovum of $ 413 (see accompanying diagram). 


Yellow dorsal bn ... 

Yello w lower side of the tail 

Yellow caudal fin. ... 

I’emale-determining recessive factor 
Red lower edge of the caudal fin ... 


—0 (Uucoloured) 
—0 (Uncoloured) 



—0 (Uncoloured) 

—Female-determining recessive factor 
—0 (Uncoloured) 


Precisely the same sulphureus characters which were lacking in the 
cross-over specimen from 1917 are lacking in 514. 
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Expeeiment XIV. 


Analysis of c/o ^ 514 Xpistiyru 


Genei'a- 

tion 

Parents 

Female ofispring 

JM^ale offspring 


$ 513 X ^ 514 

theor.; all XqXo^jju 

5 XflY^.^ 


[XflXgx y.oisu^fui 

[applied: $9 093 and 695] 




$9 X^Xq/s^x XoY„((j; 

theor. t 1 XqXq * 1 y^o'^oisu 

Xo^TOO 

Xo/suY^ifl 

CA 

$ 693 X (J 694 


18 

12 

C/3 

cn 



[applied: rW 913 and 

a 



915] 


o 

A 

f(?696 

[a-pplied: $9 910,912 and 914] 

5 

8 

O 

(A 

9 695 X { 


[applied 

: c?911] 


(,?70S 


1 

1 


[(J 708 from otter experiment] 





Total 


24 

21 


Calculated 


[22-5] 

[22-5] 

Vi 

a 

9 910 [X(,Xo/5u] X cj 911 [X(,/sjjY„j(,] 

theor.: 1 X(j X^/ ! 1 X^; X^/ 

7XoY^,(jj+ 10 

•I'l 

99 X(,Xa X ^oisu'^ma' 

theor.; IXoXj,: IX^Xo/su 

all X{,Y,„a 


$912x (J913 


10 


bfi 

$914x (JQIS 


26 



Total 


35 (all X„Y„„) 


The control analysis of the cross-over male No. 514 will be seen in 
Exp. XIV. 

The inheritance of the X chromosome arising from the cross-over is, 
as we see, quite normally sex-linked. The two heterozygous females 
693 and 695 have together produced 24 sons and 21 
theoretically, 1:1. The two types are shown in Plate I, fig. 18, and 
Plate II, fig. 35, respectively. 

In the next generation 3 females were paired, viz. 910, 912 and 
914, which could theoretically be either X^X^ or The first of 

them was evidently of the formula X^X^j^^ as it yielded 10 sons of the 
\jsu 'fcypSj and 7 with X^Y^^ whereas the two last were X^X^ females, 
and produced only X^Y^^^ sons, 35 in all. 

This observation of the fact that crossing-over has taken place in 
this instance at precisely the same place as in 1917, suggests that the 
two complex genes, sulphmus and ruber, are probably not so highly 
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complex as I was previously inclined to believe, but consist only of two 
genes each. In any case, there is nothing to prove that they are further 
divisible into smaller units. Consequently sul'phureus [su) and ruber (ru) 
must be done away with as terms for units of inheritance, and each 
replaced by two others. For the future, therefore, the two gene com¬ 
ponents of the sul'phureus complex will be designated as vitellinus (vi) 
and coccineus (go), those of the n«6er complex by minutus (mi) and 
sanguineus (sa). The individual effects of these four genes then appear 
as follows: 

vitellinus (vi) in X and Y (see Plate III, fig. 65). 

1. Sulphur yellow colour in the dorsal fin, and a dark speck that only at 
times is visible in the said fin. 

2. Sulphur yellow colour low down in the tail. 

3. A small red spot on the side of the tail. 

4. Dark aide-speck in the tail at the base of the caudal fin. 

coccineus (co) in X (see Plate III, fig. 64). 

1. Red colour in the lower edge of the caudal fin. 

2. Sulphur yellow colour in the caudal fin. 

These two genes constitute together the gene complex previously 
denoted by the term sulphurous, which is thus equivalent to co, vi (see 
Plate III, fig. 63). 

The two last characters, No. 3 and 4, of the description of the effects 
of the vitellinus gene were not mentioned in my earlier description 
(1922 b) of the gene complex sulphureus. As pointed out on p. , No. 3 
was first discovered from observation of hermaphroditic females, No. 4 
has appeared to be so regularly present that I consider it most correct 
to refer to it. The males of the “ Magdeburg race ” thus, as we see, 
have the disposition for black speck in the tail both in their X and their 
Y chromosome. It might be questioned whether this is due to crossing- 
over between X and Y; but there is no evidence for it. 

(mi) in Y and X (see Plate III, fig. 61). 

Red colour proximaUy in tke upper edge of the caudal fin. 

sanguineus (sa) in Y (see Plate III, fig. 62). 

1. Large oblong red side-patch, lying for the most part below and behind 
the dorsal fin. 

2. Dark side-speck in the tail at the base of the caudal fin. 

These two genes constitute together the gene complex previously 
termed ruber, which is thus identical with sa, mi (see Plate III, fig. 60). 

The two instances mentioned of crossing-over for the sulphureus 
and ruber complexes can therefore be simplified, as shown in the diagram 
below; 
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minutus 


Male deter- 
mimng dominant 
gene 

sanguineus 


vitelliniis 

Female deter¬ 
mining recessive 
gene . 


Female deter¬ 
mining recessive 
gene 


M 


It is possible, however, that the sex-determining gene may be situated 
not above but below the position noted for coccineus. The experiments 
up to now merely show that this gene is strongly associated with 
coccineus and sanguineus, but can be separated from vitellinus and 
minutus. I have purposely refrained from placing the genes for colouring 
in the X and Y chromosomes opposite one another, since nothing is 
known as to whether they are true allelomorphs; we can only say that 
they lie at about the same height. All other colour genes hitherto found 
in Lebistes have 0 as allelomorph, and the same is therefore probably 
also the case here. 


4. LINKAGE PHENOMENA IN LEBISTES. 


The linkage phenomena in Lebistes are, as will be evident from the 
foregoing and from my previous papers, very peculiar. The nearest 
approach to them is probably found in Parattetix and Agmtettix (Nabours, 
1917, 1925). The 18 genes hitherto analysed in Lebistes are: 


1. maculatus 

2. iridescens 

3. oculatus 

4. fermgvneus 

5. sa7iguineus 

6. aureus 


7. armatus 

8. pauper 

9. variabilis 

10. coccineus 

11. lineatus 

12. tigrinus 


13. luteus 

14. elongatus 

15. ininutus 

16. vitellinus 

17. cinnamorneus 

18. zehrinus 


Of these Nos. 1-9 have always been located in the Y chromosome, 
and are thus one-sided masculine (Y-linked) in their inheritance; Nos. 
10, 11 and 12^ have always been associated with the X chromosome, and 
thus show sex-linked inheritance. No. 13 has been found capable of 
disappearing from the X chromosome by crossing-over (Exp. I), No. 14 
can cross over from X to Y and vice versa (loc. cit. 1923 a), No. 15 can 
disappear from the Y chromosome by crossing-over (the male from 
Probably also No. 12 tigrinus is able to cross over to Y (see note at E.vp. III). 
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1917 above referred to). No. 16 can cross over from X to Y in the 
Lehistes male (the male from 1917 above referred to) and from X to X 
in the Lehistes female (as mentioned in section 3), No. 17 can occur 
together with the pauper gene in the Y chromosome, but may also be 
lacking in certain males which have the pauper gene, so that it must 
presumably be capable of crossing-over to X (as previously mentioned 
in the present work). Ninally, No. 18 is found in a pair of autosomes 
(as shown in Exps. V to VII). 

This may be summed up as follows: 9 genes have hitherto invariably 
been found coupled with the dominant male-determining gene in the 
Y chromosome, 3 continually with the recessive male determining gene 
in X (which gene, in accordance with the presence-absence theory, is 
possibly = 0 ); 5 have shown crossing-over in various ways from X to Y, 
from Y to X or from X to X, and 1 is associated with a pair of autosomes. 

The crossing-over, which seems to be most frequent in the case of 
the elongatus gene, occurring here in about 4 per cent, of cases, is, on 
the whole, less common in Lehistes than in Drosophila \ and in the case 
of several genes, as for instance especially maculatus and iridescens in 
the Y chromosome, thousands of specimens have been investigated 
without a single one being found to lack the respective genes. These 
must therefore, as previously stated (loc. oit. 1923 a), either be situated 
so close to the male-determinant gene of the Y chromosome, that 
crossing-over is practically out of the question, or they must be identical 
with that gene, which is to say that there must, in Lehistes, be multiple 
allelomorphism in regard to the male determinant factor. It must be 
left for the future to decide which of these two explanations is correct. 
It should be added that, owing to the rarity of crossing-over, a very 
great amount of material will naturally be required before it is possible 
to assert definitely whether crossing-over can take place or not. It 
would not therefore be surprising if one or more of the genes I have 
named were found, on further investigation, to be subdivisible in the 
same way as the sulphurous and ruher complexes. 

Visitors interested in these Lehistes investigations have frequently 
asked how the allelomorphs of the factors or genes referred to take 
effect. To this we can only answer that the total of recessive allelo¬ 
morphs is = 0 , as further shown in a section in 1923 a. Either the 
particular specimen has one or more of the 18 colour genes, and the 
effect of these is then constantly seen in all adult males, as if every 
gene effect were imprinted on the animal—or they lack these genes, 
and then lack the corresponding colouring. Only when the animals are 

Joum. of Gen. xvirr 3 
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in a poor state of liealth are a few of tlie ciiaracters difficult to discern, 
as already noted above. In this connection it sliould be borne in mind 
that no "'empty” Y chromosome has yet been discovered, whereas it 
frequently happens that an X chromosome contains no colour factors; 
a point in which Lehistes differs markedly from Drosophila. 

It seems hopeless to enter upon any discussion of the question as to 
why 17 out of the 18 known colour genes in Lebistes are situated in the 
sex chromosomes, either X or Y, while only 1 of the 22 autosomes has 
hitherto been found to contain a gene for colouring, and this moreover, 
of a slight effect, giving the animal a dark striped or barred pattern 
{zebrinus) but no bright colouring. The problem lies beyond the scope 
of experimental genetics at its present stage, in a region where natural 
philosophy is as yet able to disport at will. 

0. SOME SELECTION EXPERIMENTS WITH THE 
LEBISTES MATERIAL. 

As in biological material generally, we can, in Lebistes. observe a 
certain variation, even in specimens of the same genetic constitution, 
as regards the above-named 18 genes. This variation differs in extent 
among the different races, but is relatively very slight in most. The 
greatest variation is undoubtedly found in the effect of the variabiUs 
gene, but also in other types which have black specks on body and tail 
or fins, or red spots and specks in the side, we may find these spots and 
specks somewhat differently placed, or of slightly different extent, as 
might have been gathered from the colour plates previously published 
(he. cit. 1922 b). 

In regard to this variation, I have, especially for the maeulaUis gene, 
made some selection experiments with a view to ascertaining whether 
selection in a given direction produced any effect. On crossing a mae,u- 
latus male, of the formula with females lacking colour genes 

(XgXo), we should expect the result to be as devoid of complications as 
could well be possible, in that all male offspring -will always be of the 
formula X^Y^^^. 

The black spot on the dorsal fin (Plate I, fig. 18), which has given 
its name to the maculatuS race, varies somewhat both in size and in¬ 
tensity. As a rule it is black and of considerable size, but can be 
more greyish, or less sharp in outline, and smaller in extent, or, as it 
were, composed of two or three smaller spots. So also it may in some 
cases be set obliquely on the dorsal fin, as in Plate I, fig. 2. Only rarely 
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are any males found witli the spot faint or lacking after they are fully 
grown. 

A niaculatus male. No. 162, was selected for crossing, as it lacked 
the spot entirely. It was found, however, that it later developed a small 
double spot. It was paired with two females, one of the maculatus race, 
$ 163, which bore 53 sons, of which several had a rather small dorsal 
spot, and the other an female of different origin, which bore 21 sons, 
of which only 8 had the spot strongly developed, the remainder having 
only a small or fainter spot, often with a tendency to division. From 
these last, the one with the faintest spot, (? 217, was selected and paired 
with various females of different origin. The first, $ 216, of the iridescens 
race, bore 5 sons with rather small spots, the second, $ 218, of the 
maculatus race, 5 sons with nearly normal spots; the third, $219, a 
sister to d 217, bore two sons almost without dorsal spot; the fourth, 
$ 287, of the iridescens race, bore 48 sons with nearly normal but on the 
whole rather small spots, the fifth, and last, $ 145, of the iridescens race 
bore several sons, of which some lacked the spot entirely (see Plate I, 
fig. 19). A son of $ 145, which lacked the spot, was selected from these, 
and this, $ 328, paired with $ 327 of the maculatus race, produced 9 sons, 
all without spot even at the age of two years. Paired with another 
female, viz. $ 344 of the iridescens race, on the other hand, it produced 
6 sons, of which 3 lacked the spot, while 3 had a small spot. It only 
remains to add that out of 65 males born of $ 145 x ^ 217, there 
were 27 without spot, about 25 with small or faint spot, and about 
13 with normal spot. The categories were of course not sharply defined. 

From this it will be seen that some selective effect has undoubtedly 
been found to exist, though this does not necessarily mean that the 
maculatus gene itself is changed. It will be noticed that one and the 
same male can at times give somewhat varying spot intensity in the 
offspring of two different females, and there is therefore reason to be¬ 
lieve that we have here a selective action of “minor factors” affecting 
the development of the spot; genes which we have not yet been able 
to analyse further. The occurrence of the black spot on the breast and 
the black anal speck in maculatus specimens can also be affected to some 
extent by selection, in a somewhat similar manner, though to a lessser 
degree than noted in the case of the dorsal fin spot. It has been found, 
however, that the maculatus race, which has now been under culture 
since July, 1916, without selection in any direction, still retains its 
characteristic appearance. 


3-2 
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6. DESCRIPTION OF THE OGULATUS AND FERBUGINEUS GENES, 
AND OF VARIOUS COMBINATIONS OP GENES. 

As there is no brief description extant of the oculatus gene, the 
Y-linked inheritance of which appears from Schmidt’s work {loc. cit, 
1920), the effect of this is here described in the same way as with the 
other genes; 

oculatus (oc) in Y (see Plate III, fig. 50). 

1. Two to four, generally three red, somewhat horizontally elongated side 
patches, the middle one set low down near the anus, and the foremost high 
lip behind the pectoral fins. 

2. A large black eye behind the pectoral fins, below the foremost red patch 
(hence the name oculatus). 

3. Two to three red flame-like patches in the caudal fin, one above the 
other, radiating from the base of the caudal fin. The upper margin of the 
caudal fin has a short sting-like prolongation, often black-edged, in which the 
uppermost red flame is continued. 

A specimen, of oculatus is shown in Plate I, fig. 21. 

The fenugineus gene mentioned in a previous work, which exhibited 
Y-linked inheritance, but which disappeared from my cultures some 
years back, together with oculatus, whereas the remaining 16 genes are 
preserved, was, through an error, incompletely described and figured 
in my previous work {loc. cit. 1922 h), only the black speck in the tail 
and the marking of the caudal fin—which are, it is true, the most 
characteristic features—being used for description of the race. The total 
effect oi fenugineus is as follows: 

ferrugineus {fe) in Y (see Plate III, fig. 51). 

1. One to four, generally two to three small red side patches, situate mainly 
in front of the dorsal fin and below it, never far back in the tail. 

2. A black speck in the root of the tail and a similar but larger one behind 
the pectoral fins or lower down towards the anus. 

3. A large, rust-coloured flame extending from the base of the caudal fin 
far out into the fin itself, and generally edged with rust-coloured specks. 

The other genes dealt with in earlier works have been sufficiently 
described, but are included for purposes of comparison in the plates 
accompanying the present work; some male Lehistes are also shown as 
exhibiting various combinations of genes. 

The iridescens type, for instance, is shown in Plate I, fig. 20. The 
colour pattern here is due solely to the iridescens gene in the V chromo¬ 
some, the specific efiect of which is shown semi-schematicallyin Plate III, 
fi.g. 49. Concerning the action of the iridescens gene it has to be noted 
that in my earlier description I had left out of consideration a faint 
yellowish coloration of the upper edge of the caudal fin. As it is nearly 
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always present, I iiave found it more correct to show tMs character in 
the present figures. 

The '>^co,vi^ma type, previously designated is shown in 

Plate II, fig. 34. 

The y^co,vi^ma,ei which has one gene more than the last- 

named, to wit, the elongatus gene, is shown in Plate II, fig. 36. 

Prom Plate II, figs. 42, 43 and 44, it will be seen that males having 
elongatus + maculatus are alike in appearance whether elongatus is 
situated in X, in Y or in both chromosomes. The formulae of the three 
individuals are X^jY^^^, X^y^a.ei and ^ei^ma^ei respectively. The specific 
effect of the elongatus gene is seen in Plate III, fig. 69, that of the 
maculatus gene in Plate III, fig. 48. 

The zehrinus gene is seen combined with ferrugineus in Plate II, 
fig. 45, the formula of the specimen in question being 1 ze^o^fe- 

Finally, the recessive allelomorph for all colour genes, 0 is shown 
in Plate III, fig. 70, which thus represents the effect of the chromo¬ 
some—or its lack of efiect. 

7. TECHNICAL METHODS OF LEBISTES CULTURE. 

In view of the fact that Lebistes reticulatus has, in the course of years, 
exhibited such remarkable genetic conditions and is presumably at 
present the most suitable type of fish for genetic research, I give in the 
following paragraphs some hints on the culture of Lebistes, based on 
over 12 years’ experience. 

Temjpemture. Lebistes thrives best at a temperature of 22-26° 
Celsius, but brief fluctuations down to 19° or up to 30° have no harmful 
effect. At the low temperature the fish become rather torpid or sluggish; 
at the high temperature nervous and hasty in movement. At 18° they 
can hardly be brought to propagate; at 15° they can hardly be kept 
alive for any length of time. In a bad light the temperature should be 
kept lower than in strong light, unless artificial aeration is employed 
so as to give a sufficient supply of oxygen. I do not use this myself. 

Water. Ordinary tap water can be used, but should first be heated 
to boihng point, partly to get rid of the chalk and partly to free it from 
any disease germs, spores of Saprolegnia and the like.' It may be dan¬ 
gerous to use natural fresh water from lakes or ponds, as this often 
brings parasites with it. The boiling of the water can be dispensed 
with if water from a large aquarium be used for filling the smaller ones. 
A third of the water in a large aquarium (containing 16-20 litres or 
more) can be used for this purpose, filling up afterwards with ordinary 
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unboiled tap water. Old aquarium water becomes yellow with humus 
and uric products, and is then ideal, as the development of harmful 
organisms is hindered by the yellow water. The water should not, 
however, be quite brownish yellow. When an aquarium is to be re¬ 
newed, the water is filtered through cotton and used over again. 

Aquaria. For the sake of economy in cost and space (I have at the 
present time some 350 aquaria in use) I use, for pairing, two-litre glass 
preserving jars. These can also be used for batches of 8-12 males or 
3-5 females. A layer of rinsed sand, 5 cm. thick, is laid on the bottom; 
a small flowerpot 5 cm. high without hole in the bottom (the hole can 
easily be closed with cement) is pressed down into the sand. In the 
flowerpot is planted an aquatic plant in good nourishing soil; the soil, 
however, only two-thirds the depth of the pot, with sand above. A round 
glass plate is laid over the mouth of the jar when filled, to prevent the 
fish from jumping out. 

For collections of young, and for large numbers of specimens, rect¬ 
angular glass tanks of 4-8-12 litres are used, according to the number 
of fish. These tanks are made of flat glass plates set with putty in a 
frame of painted zinc, the metal bent to a right angle so that each piece 
receives the edge of two glass plates. In the larger aquaria several 
flowerpots with aquatic plants are placed. 

Glass aquaria cast in one piece are not to be recommended for 
practical purposes, as they are liable to crack under change of tem¬ 
perature (especially when being cleaned), in addition to which, the 
rougher surface of the glass renders accurate observation impossible. 

Aquatic plants. Snails, Plants which can be recommended for this 
purpose are Vallisneria, Sagittaria and Ludwigia; also Riccia fluitans in 
aquaria where many young fish are born, as it provides good hiding 
places for the young. Water snails are most useful for preventing the 
accumulation of green and blue-green algae on the glass sides; they also 
consume surplus food, and thus prevent it from rotting. Unfortunately 
the snails themselves do not as a rule thrive very well, as the Lebistes 
have a way of nipping off their tentacles. Superficial cleansing of the 
glass sides can be effected by means of an old razor blade fixed at the 
end of a stick; this is excellent for rubbing off algae. Aquaria placed 
directly in sunny windows should be shaded from the strong light in 
order to prevent too abundant development of green algae, 

Rood. Frequent feeding is important; to keep the animals in good 
condition, they should be fed twice daily at least. Dry food, however, 
among which dried Daphnia are especially to be recommended, should 
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only be given in such quantities as the fish will eat up at once; other¬ 
wise it will rot. For small young fish the Daphnia should be crushed 
in the fingers. Live Enchytreae should be used to the greatest possible 
extent. These are cultivated in boxes with good mouldy soil, into which 
are placed some lumps of rather soft oatmeal porridge, either just under 
the surface of the soil or on top. The worms, which come up to the 
porridge, can, in good cultures, be taken up by the thousand with hardly 
any earth adhering. Before the porridge has been quite eaten up, and 
the Enchytreae have distributed themselves once more throughout the 
box, a further supply of porridge should be laid down. It is as well to 
have 3-4 boxes in use. I use 5 boxes, of 60 x 20 cm. and 20 cm. deep, 
for 300-400 aquaria. The boxes should be closed with a wooden lid 
and kept in a fairly cool place, Enchytreae can be caught in the open by 
placing oatmeal porridge in an old manure heap. They are a splendid 
form of nourishment, and involve little risk of over-feeding and subse¬ 
quent putrefaction, as the worms live some days in the water. They 
should be cut up for the very young fish. The male Lehistes eat far less 
than the females. 

Pairing, pregnancy and birth of young. A male may be allowed to 
live together with several females, but care should be taken in such 
cases, as the females wiU sometimes attack the male and kill it. For the 
same reason it is better to introduce a female to a male than the reverse. 
When the male has once got used to the aquarium after a few hours, it 
will not be frightened by the far larger and stronger female. Generally 
the male will pursue the female unceasingly, day after day. The period 
of pregnancy is about 30 days, but can in extreme cases be reduced to 26. 
After copulation the female is fertilised for a long time, up to 8 months 
observed, as the spermatozoa remain living in the folds of the ovary; 
the male, however, is allowed to remain with the female, unless required 
for pairing elsewhere. The female gives birth to a batch of young each 
month, exhibiting some restlessness before and during the event. Young 
females produce as a rule but few young at the first birth, the numbers 
then increasing, 20-30-50; large females can indeed bring forth over 
80 young in one batch. After each birth, which takes from one hour to 
over 24 hours, as a rule only a couple of hours, the young should be 
removed as soon as possible, as the females are inclined to eat them up. 

> Groioth of young. Young growing fish thrive best in a spacious 
aquarium, of 4 litres or more. Males and females should be separated 
as soon as their sex can be determined, i.e. 2-3 weeks before maturity 
is reached. As a rule, the animals are matirre at the age of 3-4 months. 
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Under ideal conditions, especially witli ample space, it may be attained 
at only 1~2 months; under less favourable conditions often not until 
they are 6 months old. As a rule, I remove the adolescent males with 
a tiny hand-net, the adolescent females being allowed to remain in the 
young-fish aquarium until they are so big that there is danger of their 
devouring new arrivals of tender age. The males are then gradually 
assembled in one aquarium, the females in another. Lehistes can attain 
an age of over 3 years, probably as a rule 2-|-. The female retains her 
functions until death. 

Disease. Epidemics are comparatively rare when rules are properly 
observed. Over-feeding can at times give rise to a strong development 
of infusoria, which renders the water slightly milky. The reproduction 
of these infusoria can take place so rapidly that they soon use up all 
the oxygen in the water. The fish then come to the surface and remain 
there gasping for breath, and are suffocated in the course of a day or 
two, unless the water is changed. In fresh water especially quantities 
of infusoria may often appear. By washing the fish in several changes 
of water, thoroughly cleansing the aquarium, and pouring in old 
aquarium water, however, serious damage can generally be avoided. 
Occasionally, though not often, one may see fish after fish die in the 
aquarium, attacked by Saprolegnia or some other epidemic disease. 
Swift and radical measures are then required; disinfection of the 
aquarium with copper sulphate, ejection of all plants, and transference 
of the fish to a fresh aquarium. Insufficient supply of aquatic plants 
in an aquarium hinders the development of the' fish, unless artificial 
aeration is employed. 

Drawings of Lebistes. In examining the specimens for the study of 
genetic conditions, it is advisable to have printed outlines of the male 
Lehistes, on which the colours of the individual specimens can be marked 
with coloured chalks. I have had a block made with line drawings of 
18 Lehistes, and use sheets printed from this. Individual specimens are 
transferred to small flat-sided glass tanks and placed there while drawing 
takes place; more important specimens are drawn in water colours. 

At a time when it was impossible, with the assistance at my dis¬ 
posal, to carry out the experiments at all adequately, the Carlsberg 
Eoundation granted me pecuniary support which enabled me to have 
the feeding done by an assistant for 1| years. I beg to express my best 
thanks to the Carlsberg Foundation for this timely help, at a critical 
period when my Lehistes cultures were in danger of being lost. I am 
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also thankful to the Eask-0rsted Foundation, which paid for the trans¬ 
lation and granted a contribution towards the cost of the plates. 
I have to thank Dr J. Clausen for assistance in the experiments, and 
Frk. Karen Christiansen for the handsome water colours accompanying 
this work. Mr W. Worster, M.A., has worked out the translation. 

SUMMARY. 

A total of 18 genes for colour markings have been found in 
Lebistes, of which nine new ones are described in the present work. The 
two gene complexes previously described, sulphureus and ruher, are each 
composed of two genes, which can be separated by crossing-over, viz. 
vitellinus -1- coccineus, and minutus -f sanguineus. 

Of the 18 genes whose ehects are shown in Plate III, nine {maculatus, 
iridescens, oculatus, fenugineus, sanguineus, aureus, armatus, pauper, 
variahilis) are located in the Y chromosomes, and three {coccineus, 
lineatus, tigrinus) in the X chromosome. None of these has hitherto 
shown crossing-over^. Five genes (luteus, elongatus, minutus, vitellinus, 
dnnamomeus) have shown crossing-over in various ways, from X to Y, 
from Y to X or from X to X. Crossing-over thus takes place in both 
sexes. Finally, one gene (zehrinus) is located in a pair of autosomes. 

Four older females were altered in a masculine direction and partially 
furnished with a copulatory organ (gonopodium). They developed 
colouring in accordance with their genetic constitution and contained 
the gene complex sidphureus in X. The sex-glands were hermaphroditic, 
but when paired with males, the individuals proved capable of func¬ 
tioning as females, and exhibited normal inheritance. In other cases 
also, females with colour genes— elongatus and zehrinus —^have exhibited 
male secondary sexual characters. 

Selection experiments through several generations with maculatus 
males, which are particularly characterised by a black spot in 

the dorsal fin, showed that it was possible to produce almost entirely 
spotless males, but the spot often recurred, or appeared more pro¬ 
nounced, in the next generation. This must presumably be due to the 
efiect of “minor factors” in the other chromosomes. 

The sex-determining gene in the Y chromosome is discussed. 

Suggestions are given as to methods of cultivation for Lehistes. 

Copenhagen, 

22 SepL 1926. 

1 The note added to Exp. III. shows that probably also tigrinus can cross over to 
the Y chromosome. 
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EXPLANATION OF PLATES 

Plate I. 

Pig. 1. ?7211o1oXj,.Xo. Pig. 2. d722 1,Lg 

Pigs. 3-14. 12 Pj males of the cross $721 x 722; inheritance concerning three genes, 
viz. ze in the first autosome, li in X and ma in Y. 

Pig. 15. Old hermaphroditic XgXg^i^co, vi) female with gonopodium and showing the 
CO, za'-pattem. 

Fig. 16. Old hermaphroditic female, XoXgu(=co, vi), showing the co, w'-pattem. 

pig. 17. Old hermaphroditic female, X^Xgi, showing yeUow colour in the upper part of 
the caudal fin, viz. a weak effect of the elongatus gene. 

Pigs. 18-23. Males of different formulae: 

Pig. 18. X(,Y„,o proper {maculahts race). Pig. 19. X^Y^a of $ 145 x 217^2 spot in 
the dorsal fin). Pig. 20. X^Y^^ (iridescens race). Pig. 21. X^Yq,. {oculatus race). 
Fig. 22. XoYflu, of $624x(j462 (older individual). Pig. 2,3. X^Yau, Pi of 
$ 690 X S 691 (younger individual). 

Plate II. 

Pigs. 24-47. Males of different formulae (continued): 

Pig. 24. d769XaYar. Fig. 25. X^Ya^, of $ 644x d 640. Pig. 26. d891XoY,i,o. 
Pig.27. (?506XaYj,a. Pig-28. <J 501 Xj^Y^^a Pig. 29. ^ 907 Xj^-Y^a • Vig. 30. 

'^co, sa,’>ni former Xj^Y^a), Magdeburg race. Pig. 31. d 614 X^j^Y^a mi 
(Xo/saYro), cross-over male. Pig. 32. X^Y^a.^i ( = XoY^), P^ of $140x dll4. 
Pig. 33. XoYga.TO, cross-over male,. P^ of $140xtJ114. Pig. 34. Xco^vi'^ma 
(“^sitYma)' Pi $351x355. Pig. 35. S ^vi'^ma i — ^olsu'^jna)- Fig- 36. 
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= oi $ 652 x ^ 653. Fig. 37. son of ? 690 x 

(J 691. Fig- 38. 875 Xfj-. Fig. 39. (J 8o5 Fig. 40. (J440X^j lu^aw 

Fig. 41. (? 821 X^j jjiY^a- Figs. 42-44. Three males with the elongaUis gene 
connected with the X chromosome, 'with the Y chromosome and with both the 
X and the Y chromosome respectively. Fig. 45. ^-e^ze^o'^fe male. Fig. 46. 
<? 369 hohe^oyma- ^'ig. 47. lol^eXifY^a^ F, of $ 721 x 722. 


Plate III. 


I. 48-71. 


The effect of the individual genes and of some gene combinations. 


ar—armotus. 
au=aureus, 
ci—cinnamomeus. 
co=coccineus. 
el—elongatus. 
fe =ferrugineu3. 
ir—iridescens. 
li=lineaius. 
lu=luteus. 
ma== maculalus. 


mi—minuius. 

oe=oculaius. 

-pa—'pauper, 
sa = sanguineus. 
ti = tigrinus. 
va=variabilis. 
m=vitellinus. 
ze—zebrimis. 

0 =the recessive allelomorph 
of all these genes. 





STUDIES ON HETEROGONIC GROWTH. (IV) THE 
BIMODAL CEPHALIC HORN OF XYLOTHUPES 
GIDEON, 

By JULIAN S. HUXLEY. 

King^s College, University of London. 

(With Two Text-figures.) 

In 1892 Bateson and Brindley pointed out that the males of the widely 
distributed beetle Xyloiru'pes gideon resembled the males of the Earwig 
(Forficula) in having an appendage (in this case the cephalic horn) whose 
length showed a bimodal frequency-curve, while the body-length (as 
measured by length of elytron) was imimodal in its variation. 

These authors gave the frequencies for horn-length and body-length 
separately, and did not publish their measurements in such a way as to 
make it possible to correlate the two variables. Luckily, however, 
Mr Brindley kept all the original data, and on my request very gene¬ 
rously turned them over to me. I would like here to acknowledge his 
kindness in doing so, and in answering various questions concerning the 
material. 

The present paper is based chiefly on this material (316 available 
specimens) and also upon 37 specimens in the Hope Collection, which 
Professor E. B. Poulton, F.R.S., kindly allowed me to measure myself. 
The measurements have been made to 0-5 mm. The 353 specimens for 
which both elytron- and horn-measurements were available have been 
arranged in a correlation table (Table I). 

This table has been condensed by combining the classes both ways 
by pairs to give Table 11. From this. Fig. 1 has been prepared, in which 
the horn-length frequencies have been plotted for each class of Table II. 
The solid lines indicate Bateson’s and Brindley’s material, the dotted 
lines that from the Hope Department. 

From Tables I and II and Fig. 1, it will be seen at a glance that the 
statement that Xylotrwpes shows bimodal variation of its cephalic horn 
needs some qualification. The bimodality only exists for individuals of 
a certain body-size. The smallest individuals are all of the “low” type 
as regards horn, the largest all of the “high” type. 
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48 Bimodal Cephalic Horn of Xylotrupes gideon 

In Bateson’s and Brindley’s material all body-classes np to 235 mm. 
inclusive are entirely '‘low,” all from 29-0 mm. upwards are entirely 
“bigb.” Tbe 24*0 and 25*0 mm. classes bave only one high born each, 
the 28*0 and 28*5 mm, class only one low born apiece. 

The Hope Department material has A considerably lower mean born- 
size. When this is included with tbe rest, the bimodal body-classes, 
instead of ranging only from 24*0 to 28*5 mm., reach up to 31*5 mm. 
However, above 30 mm., tbe bimodal classes only boast one low specimen 
apiece. 

In this respect, of tbe bimodality of tbe appendage being limited to 
tbe centre of its range as regards absolute body-size, Xylotrupes resembles 
Forficula (see Huxley (1927)). This (together with tbe body’s unimodality) 
makes one suspect that tbe bimodality depends not upon genetic vari¬ 
ations but upon tbe existence of “equilibrium-positions” of horn-lengtb 
which are most readily adopted during development. 

It is further clear from inspection that tbe two modes are by no means 
constant, but are in positive correlation with body-size. When tbe mean 
born-length is calculated for each body-class:—(1) for all specimens in tbe 
class, (2) for all low-type, and (3) for all high-type specimens, tbe results 
set forth in Table III are obtained. It is not always certain to which 
type the intermediate horns should be assigned. The assignment I bave 
made is indicated in Tables I and II- When the means thus obtained 
are plotted on a double logarithmic grid. Fig. 2 is obtained. It is clear 
at once that, fundamentally, the cephalic horn of Xylotrupes is hetero- 
gonic, and that its relative growth approximates to that expressed 
by tbe formula y = hx’^ (see Huxley, 1924) where y = born-length, 
X = elytron-length, and h and h are constants. This certainly holds good 
for tbe body-classes from 16-0 to 25-0 mm. inclusive. Not only this, but 
the heterogony is marked, h being about 2*75, which is a very high value 
(the value would probably be considerably less if volumes could be 
measured in place of lengths). 

When, however, we reach the markedly bimodal classes (25*5 to 
27*5 mm., body-length inclusive) we find a very difierent state of afiairs 
from that seen in Forficula. In the first place, the bimodality is not 
nearly so sharply marked as for the earwig-forceps. In Fig. 1 it is at once 
seen that the curves for body-classes 25*75, 26*75 and 27*75 mm. are 
irregidar, with a tendency to show one or more extra modes between the 
main “low” and “high” modes. This was not the case in Forficula. In 
addition, if the means for low and high as well as totals for each body- 
class are plotted, it is seen that the means for totals rise to give a con- 
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Kg. 1. Frequencies of horn-lengths for each body-length class. U:^rokeii 
lines = Bateson’s and Bjlndley’s material. Dotted lines = Hope Depart¬ 
ment material. It will be seen that marked bimodality only exists 
near the centre of the body-length range. 
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siderably Mglier valae of /c (as indicated by greater steepness of slope) 
until 28‘75 mm. body-length is reached. The means of the “high” horns, 
further, show a positive heterogony, with h considerably greater than 1, 
all the way, although the slope of their curve is not constant, but 
decreases gradually. The means for the lo'w types, on the other hand, 
bend right over and show negative heterogony with h only about 0*75. 

It is, however, as I have said, very hard to be sure of one’s assign¬ 
ment of the intermediate horns to high or low types. Further, with 
increased quantity of material from a single locality, it might well prove 
that the medium body-classes were not reaUy bimodal at all, but that 
they were tri- or quadrimodal. In this case, the original “low” types 
would be represented only by the very low modes, e.g. at 9 and 10 mm. 
in the body-classes at 25*75 and 26*75 mm. (Fig. 1), while the subsidiary 
modes really did represent further true developmental “equilibrium- 
positions.” In this case, we should obtain three or more lines of mean 
horn-length in the mid-ranges of body-size, all exhibiting negative 
heterogony and running approximately parallel with each other, the 
main efiect of increase of body-size being to increase the percentage of 
individuals in the “higher” equilibrium-positions. If this were so, 
Xylotm^es would come to resemble Forjicula more nearly, but with 
the additional complication of several equilibrium-positions, instead of 
only two. Without large numbers, and especially without experiments 
on altering the size of the larvae at pupation, it is impossible to decide 
between this alternative and that of great irregularity of variation at 
medium body-sizes. 

In any case it is worth noting that at the highest body-sizes, the 
values for total means again come to lie almost exactly on a continuation 
of the original curve for the low total means (see Fig. 2); this indicates 
that most probably, as in Forjicula, the basic developmental mechanism 
for the cephalic horn of Xylotrupes is a simple heterogonic one, pro¬ 
viding for a constant differential ratio of the growth-rates of horn and 
body (as e.g. in Uca —see Huxley, 1924); but that this is masked by the 
secondary complication of equilibrium-positions (see Huxley, 1927). 

It is difficult to understand why the specimens from the Hope 
Collection should mostly exhibit relatively smaller horns than those in 
Bateson’s and Brindley’s material. It is much to be wished that further 
work should be done on this remarkable insect. In the first place, large 
collections should be made in various localities, and, if possible, in some 
localities for several years in succession. In the second place, experiments 
should be made to try to control the development of the horn. It may 




Fig. 2. Relation between elytron-Iengtb and liorn-lcngth. 
® all specimens. + “low” type, x “high” type. 
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be suggested (1) that generally different conditions throughout the larval 
period would be effective, (2) that even more demonstrative might be 
the inducing of early metamorphosis at a smaller size than normal by 
means of partial or total starvation in late larval life. 

In any case, I think that this additional analysis of Bateson’s and 
Brindley’s data renders it probable, though not certain, that the problem 
of the bimodality of the horn-length of Xylotrujpes is primarily develop¬ 
mental and not genetic in nature. 

SUMlftARY. 

(1) A correlation table has been prepared showing the relation 
between elytron-length and cephalic horn-length in 353 males of the 
beetle Xylotrupes gideon. Of these, 316 specimens are from Bateson’s 
and Brindley’s measurements, from material all collected in Sarawak 
by Baron von Htigel; and 37 are from material in the Hope Collection 
at Oxford, from various localities, measured by myself. 

(2) The bimodality of the horn-length is seen not to exist throughout 
the whole size-range of the species. The smallest males have unimodal 
horns of ‘Tow” type, the largest have unimodal horns of “high” type. 
Only the intermediate sizes show a bimodal curve for the horns, the 
bimodality being marked only for body-length classes 25-5 and 27-5 mm. 
inclusive. 

(3) The bimodality even of these classes is not so clear-cut as for the 
forceps of male Forficula, there being a tendency for three or more modes 
to exist. 

(4) The values of the modes for low and high types increase with 
increasing body-size; the mean for the extreme high types shows positive 
heterogony. 

(5) When the means for all specimens of each body-class are taken, 
it is found that the relation between them and body-size can be expressed 
very nearly by the formula y = hx^, which is that for simple heterogony 
when organ {y) and rest of body {x) exhibit growth-rates whose ratio (/c) 
remains constant, and is found to hold in other Coleoptera, e.g. for the 
mandibles of male Lucanidae. h here is unusually large (about 2-76). 

(6) The curves are not so regular for those body-classes whose horns 
show marked bimodality. It is suggested that possibly over this part 
of the range there may be not two equilibrium-positions for the append¬ 
ages (as in Forficula), but several, so that the curve of variation here is 
multimodal, not bimodal. 
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(7) The general conclusion is drawn that (as is almost certain for the 
forceps of male Forficula) the size of the cephalic horn is probably deter¬ 
mined by two developmental mechanisms: (a) an underlying mechanism 
for simple positive heterogony; and (6) the existence over part of the 
range of body-size, of two (or more) equilibrium-positions into which the 
developing horns tend -to fall, the effect of increasing body-size being 
to transfer a larger proportion of individuals from “low” to “high” 
equilibrium-position. 

(8) It is recognised that only further work can fully solve the problem, 
and the desirability is emphasised of making and measuring large 
collections of Xylotru^es from single localities and, especially, of con¬ 
trolling horn-development by means of experiments on the larvae. 
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ON THE EXISTENCE OE EGO-LAYING CYCLES 
IN THE DOMESTIC FOWL. 


By S. C. HAELAND. 

[Imperial College of Tropical Agriculture, Trinidad, B.W.I.) 
Introduction. 

The object of this paper is to present a series of preliminary data 
on the existence of definite egg-laying cycles in the domestic fowl. The 
results were obtained in the course of investigations, still incomplete, 
of the genetics of egg-laying capacity. The experiments are unique in 
one respect, in that they were carried out in a tropical country (Trinidad, 
British West Indies), where environmental conditions are extraordinarily 
uniform throughout the year, in respect of both temperature and length 
of day. It is surprising that previous writers on the inheritance of 
fecundity in poultry (Pearl, Goodale and others) have failed to take 
into account the fact that the huge range in temperature and length of 
day in the North Temperate Zone provide quite peculiar conditions, 
under which the genetic factors involved can hardly find full ex¬ 
pression. In connection with Pearl’s hypothesis of a winter cycle in the 
Barred Plymouth Kock, one may very pertinently enquire how the 
genes manifest themselves under a uniform temperature. 

The Experimental Results. 

The experimental results consist of trap-nest records for varying 
periods of a mixed lot of fowls comprising Trinidad Natives, and 
hybrids between these and Leghorns, Minorcas and Plymouth Rocks. 
The full records are presented in Tables I-X and the sahent points 
discussed. 


Notes on the Trap-nest Records. 

Trinidad Native, No. 1. It will be seen from this record that in the 
eight months there are eight cycles of laying, each followed by a broody 
period. The mean number of eggs per cycle is 11-7, and the mean length 
of the broody period is 14‘3 days. The mean number of days occupied 
by a clutch and the subsequent broody period is 29-3 days—about a 
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lunar month.. It will be noted also that there is consequently consider¬ 
able uniformity in the day of the month at which the hen went broody— 
viz. 31 July, 30 August, 29 September, 31 October, 29 November, 
27 December, and 30 January. 

Trinidad Native, No. 2. This bird began laying in early October 
after a long period of moulting. She laid 31 eggs followed by two clutches 
of 11 and 12 respectively. No further records were taken, as the bird 
was allowed to incubate. The number 31 is suggestive of a triple clutch. 
The mean number of eggs per clutch, 11*5, and the mean length of the 
broody period, 14 days, are almost exactly comparable with No. 1. 

Trinidad Native, No. 3. This was a pullet which laid her first egg on 
30 October. She laid 37 eggs, up to 27 December. This is suggestive 
again of a triple clutch (3 x 12), but is of interest again in that the 
bird was distinctly broody on 5 December. The number of eggs laid up 
to that date was 25, a double clutch of 12 x 2. The triple clutch is thus 
built up of a double clutch and a single clutch. 

Trinidad Native, No. 4. This bird is chiefly interesting in the dates 
at which broodiness occurred, 24 October, 25 November, and 25 De¬ 
cember, providing further evidence of a monthly cycle of broodiness. 
The two broody periods are each 11 days, and the mean number of eggs 
per clutch 14*3. 

Trinidad Native, No. 5. This bird began laying on 1 October after 
moulting. She laid a double (?) clutch of 20, a single clutch of 13, and 
a half clutch of 6. It is not improbable that the first clutch of 20 con¬ 
sisted of a single plus a half clutch. The mean length of the two broody 
periods was 16-5 days. This bird was probably two years old when 
bought, and it is possible that with increasing age native birds tend to 
produce half clutches.. 

Black Minorca x Trmidad Native, No. 6. A batch of 34 eggs is 
followed by clutches of 8, 16, and 15. A moulting period of 42 days is 
then followed by a batch of 36 eggs, and a further batch of 17. It is 
clear that this bird differs from those previously discussed, and the 
results can most easily be explained by assuming that the basic clutch 
number is 16, and that the eggs recorded comprise two double clutches 
(34 and 36), two single clutches (15, 16) and a half clutch (8). The onset 
of moulting (16 September) coincided with the commencement of a broody 
period. 

White Leghorn x Trinidad Native, No. 1. This bird differs from the 
preceding ones, in that the non-broody habit of the Leghorn behaved 
as a partial dominant. Signs of broodiness were exhibited on many 
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occasions, but were not accompanied by any pronounced tendency to 
sit. During the months of May„ June, July and August the bird was in 
poor health, and suffered a good deal from colds. There is a single clutch 
of 14 eggs ending with a short broody period on 20 March, followed by 
a half clutch of 6. The rest period between 7 and 16 April was not 
accompanied by any broody symptoms. Another single clutch of 14 
was laid between 17 April, and 14 May, but by this time the bird was 
obviously affected by respiratory trouble and her behaviour to 28 August 
must be regarded as abnormal. A single clutch of 13 begins on 29 August, 
and this is followed by a double (?) clutch of 23, a half clutch of 7, and 
another double (?) clutch of 23. In the latter clutch slight signs of 
broodiness were apparent with the 10th egg on 19 December. 

White Leghorn x Trinidad Native, No. 2. The types of clutch in 
serial order are; single clutch (14), double clutch (21), single clutch (11), 
half clutch (4), double clutch (20), single clutch (15), single clutch (14), 
single clutch (13), single clutch (13). Leghorn influence was apparent in 
the less pronounced signs of broodiness, 

Plymouth Pock x Trinidad Native. This bird began with a double 
clutch (28), and followed with a half clutch (6), half clutch (8), single 
clutch (11), and double clutch (20). She was then allowed to incubate. 

White Leghorn, Pure Bred. No cycles are apparently visible. 

Discussion and Summary. 

Even with the somewhat meagre series of results presented in this 
paper the following points are brought out: 

1. There is a basal clutch number which is most commonly about 12. 

2. The basal clutch number appears in one case to be 16. 

3. A bird may lay a series of single clutches, or may lay multiples 
or sub-multiples of the basal clutch number. 

4. When beginning to lay (a) for the first time, (6) after bringing 
up a flock of chickens, or (c) after moulting, it is most usual to lay some 
multiple of the basal clutch number. In general, multiples of the basal 
clutch number occur after a long rest period. 

5. The clutch habit is absent in pure-bred poultry of American or 
European descent. This conclusion has been arrived at by an examina¬ 
tion of the trap-nest records at the Trinidad Government Farm, where 
fiocks of White Leghorn, Rhode Island Red, and Barred Plymouth 
Rock have been trap-nested for several years. 

6. In four cases the clutch habit behaves as a dominant, in crosses 
of Native by Leghorn, Minorca or Plymouth Rock. 
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7. Tke time occupied by a single clutcb. and tbe subsequent broody 
period is about a lunar montli. 

These results are uot without significance for breeders of poultry in 
temperate climates. It may not be too bold a speculation to suggest 
that the evolution of the domestic fowl in regard to the number of eggs 
laid per annum has taken place by a series of mutations which have 
resulted in the partial or complete elimination of the rest periods be¬ 
tween clutches or in the production of higher multiples of the single 
clutch. 

The writer is at present engaged on the genetic analysis of the 
clutch habit in crosses of Leghorn by Native, and interesting results are 
awaited. 



CHROMOSOMES AND SEX IN VALLISNEBIA, 


By C. a. J0RGENSEN. 

{Lyngby, Denmark.) 

(Witli Ten Text-figures.) 

On a joint visit to tlie Royal Botanical Gardens at Kew in tfie 
summer of 1925 Mr W. C. F. Newton of the John Innes Horticultural 
Institution and tlie autlior happened to come across some very Lig and 
vigorous Vallisnerias, grown under the name of V. gigantea Graebn. In 
the light of the recent investigations on sex-chromosomes in plants by 
Kihara and Ono (1923), Sinoto (1924), Blackburn (1924), Winge (1923) 
and Meurman (1925), we both thought it interesting to look at these 
FaZZ'iswena-plants. It may be mentioned here that the mechanism of 
sex-determination in Vallisneria according to Winge (1923) is unique 
in the vegetable kingdom. An XO-{Protenor) type is found, the male 
plants being heterogamous and giving pollen grains with an A-chromo- 
some (having a definite constriction) and pollen grains without, whereas 
the females are supposed to be homogamous and the egg cells to contain 
always an A-chromosome. On the basis of his counts in the pollen grains 
Winge gives the diploid numbers in male and female Vallisnerias as 
17 and 18 respectively, or 18 and 20, if the two portions of the A-chromo- 
some should be apart in the somatic divisions (1923, p. 11). 

The Vallisneria gigantea plants were all males. Supposing them to 
be tetraploid we expected to find 34 chromosomes in their root tips. In 
the slides however 40 chromosomes were present. This introduced a 
puzzling element, and in order to foUow up the problem definitely we 
both made fresh fixations in the followung summer. The descriptions 
here are based upon Mr Newton’s slides as well as on my own. I am 
especially indebted to Mr Newton for material of the reduction division 
in V. spiralis as my own material happened to fail on this point. The 
fixations were mostly in Flemming’s solution and the material stained in 
gentian-violet-iodine (by a modification of Gram’s method for staining 
bacteria), the practical application of which method I also owe to Mr 
Newton. 
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I; Somatic divisions in V. spiralis L. and V. gigantea Qraebn. 

The divisions in the root tips show the chromosomes very well if 
the material is fixed and stained properly. Many plates have been counted 
in Y. spiralis and in all cases where a definite statement was possible, 
20 chromosomes were found (Fig. 1). 



Fig. 1. Metapliase plates from root tips of V. spiralis (x2500.) 


As seen from the figures, the chromosomes differ much in size, some 
being very long, others intermediate, and others again quite small. Most 
of the chromosomes take up a radial position in the plate. The end of a 
chromosome pointing naturally towards the centre is called the proximal 
one, the other the distal one. All the chromosomes have a definite con¬ 
striction at the proximal end. In the small and medium-sized chromo¬ 
somes the constriction cuts off an almost spherical body from the rest of 
the chromosome, whereas in the 6 long chromosomes the constriction 
is farther from the end, and cuts ofi a cylindrical piece which is often 
pointed (see Fig. 1). The subterminal constrictions give the pieces the 
character of satellites or trabants, but their connection with the main 
part of the chromosome is always a very close one. Similar constrictions 
have been previously described in a number of plants (mostly mono¬ 
cotyledons) and are also known to occur in insects. Difierent investi¬ 
gators explain these constrictions in different ways. Details are found 
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ill tlae papers of Nawascliin (1912) and Ms pupils, Muller (1912), Newton 
(1924), Taylor (1924,1925) and others. A longitudinal splitting is evident 
in most of the chromosomes in the metaphase plates. It is usually most 
distinctly seen in the distal part of the chromosomes, and the pieces cut 
off by the constrictions generally appear undivided. As previously 
mentioned, the chromosomes difEer much in size. Of the 20 present, 
6 are very long, 4 are intermediate and 10 are small. The intermediate 
chromosomes do not look to be equal in size, 2 being much smaller than 
the others. In one of the plates shown in Pig. 1 the 6 long chromosomes 
are numbered 1-6, and the 4 of medium size 7-10. Where the distal 



Fig. 2. Metaphase plates from root tips of F. spiralis 5- (x2500.) 


ends of the long chromosomes are bent upwards or downwards their full 
size does not show in the figures. In those plants in which diSerences in 
the size of the chromosomes have been found, there are always 2 chromo¬ 
somes of the same morphological type present in the somatic divisions, 
and these chromosomes often exhibit a more or less pronounced pairing. 
This is also seen in Vallisneria. 

The chromosomes in the corresponding divisions of female plants of 
7. s^iiralis at first sight look very similar to those in the male plants. 
This impression is fully confirmed by a closer examination (Pig. 2). Here 
also 20 chromosomes are present, and a special study of their size brings 
out facts corresponding to those in the male plants. Of the very long 
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cliromosomes 6 are found, i- are intermediate in lengtli and 10 are small. 
Similar constrictions are found, and the longitudinal splitting takes place 
just as in the male plants. In Fig. 2 the chromosomes in one of the plates 
are numbered as in Fig. 1. It is a question of much importance whether 
there is any difference in the chromosome equipment of male and female 
plants. That the number is the same in both cases is beyond any doubt. 
More difficult to decide with certainty is the question of any difference 
in relative size and structure. So far as my observations go, and I have 
paid a special attention to this point, the chromosome sets in males and 
females are identical also in respect of their morphology. It is however 
impossible to be absolutely certain that a very slight difference does not 
exist. 

In the next figure (Fig. 3) the chromosomes in root-tip divisions of 
the male V. gigantea are shown. As- mentioned before, the number is 40. 



Fig. 3. Metapliase plates from root tips of V. gigantea (><2500.) 


It is of course not in every metaphase plate that this considerable number 
can be counted with certainty. One needs divisions in the larger cells 
of the root, in which the chromosomes are well spread. In such cells the 
counts do not leave any doubt. Also in F. gigantea the chromosomes 
are very different in size. The size classes correspond to those in F. spira¬ 
lis, large, intermediate and small chromosomes being present. The 
numbers belonging to the difierent groups can be determined in some 
cases when sufficient care is taken. Often the longer chromosomes bend 
out of the plate, and then it is not easy to say whether the chromosome 
is a long or an intermediate one. One does however reach the conclusion, 
that 12 chromosomes are long, 8 intermediate and 20 small. The number 
in each size class is exactly double that of the corresponding class in 
F. spiralis. Another fact to which it is \vorth while calling attention is 
that the size of the chromosomes of corresponding types in the two 
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species is tlie same. This can be seen by comparing Figs. 1 and 2 with 
3 and 4; the figures are all drawn to the same scale. 

In the female plants of V. gigantea 40 chromosomes are also found 
(Fig. 4). As to the number there can hardly be any doubt. To classify 
all the chromosomes according to their size is more difficult. The result 
is however again that 12 are long, 8 intermediate and 20 small just as in 
the male plants. Nor, as far as one can see, is there in the case of F. gigan¬ 
tea any morphological difference in the chromosome sets of male and 
female plants. 



Eig. 4. Metaphase plates from root tips of F. giganiea $. (x2500.) 


The material of male and female V. spiralis is from three different 
places in England and Denmark, and most likely not of the same clone. 
Root tips of the male F, gigantea have been secured from six localities 
in England and Denmark. The male F. gigantea seems to be much more 
commonly grown than the female, the material of which I only succeeded 
in getting from Hamburg after a special inquiry. There is reason to beheve 
that living plants of this kind have been only once introduced in Europe. 

Summarising the facts obtained from the investigation of the somatic 
divisions of F. spiralis o and $ and of F. gigantea d and $ we can say that 
the chromosomes in the two sexes of both species are identical in number 
and morphology, and that F. gigantea is a straight tetraploid in compari¬ 
son with F. spiralis. 

II. Reduction division and pollen-grain divisions in 
V. spiralis and V. gigantea. 

Of material for studying the reduction division I have had only a 
little of F. spiralis and nothing at all of F. gigantea. In the material of 
the male plants of F. spiralis a series of stages was present, ranging from 
early heterotypic prophase to the late anaphase of the same division. 

6-2 
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Blit as the sections were rather thin it has been impossible to hud an 
untouched diakinesis, or to count with certainty the number of chromo¬ 
somes in two corresponding anaphase plates. What in the slides is of 
significance for determining pairing and number of the chromosomes is 
shown in Fig. 5. 



a b 


Fig. 6. Eeduction division in V. spiralis <?• (x2500.) (a) The chromosomes are moving 
into the plane for heterotypic metaphase; the three dra^vn below are from the following 
section. (6) Late heterotypic metaphase, one chromosome already divided. 

The chromosomes in the first figure are just arranging themselves 
for the heterotypic metaphase after the nuclear membrane has dissolved. 
Ten gemini are found, distributed in two sections. They differ in size, 
3 being large, 2 intermediate and 5 small, in accordance with the facts 
found in the somatic divisions. In the other figure a late heterotypic 
metaphase or beginning anaphase is seen. The majority of the gemini 
present have a rhombic shape, a few are rod-shaped, and one is in advance 
of the others, the parts already moving towards the poles. It is not easy 
in this case to arrange all the chromosomes according to their size, hut 
what can he seen is in accordance with the other figures. 

As mentioned before, Winge in his well-known paper on sex-chromo¬ 
somes in plants (1923) deals with V. spiralis, claiming for this plant the 
presence of sex-chromosomes of the XO-{Protenor) type. The male 
plants are said to he heterogamous since two types of pollen grains could 
be demonstrated, some containing a large constricted Z-chromosome, 
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otters being witbont this chromosome. Winge based his view on this 
evidence alone, and did not determine the somatic numbers directly. 
It is seen at once that Winge’s view is quite incompatible with the facts 
brought forward in this paper. In order, however, to get an explanation 
of this divergence I have paid some attention to the pollen-grain divisions. 
At my request Winge kindly placed his slides at my disposal, and also 
gave me the rest of his imbedded ValUsneria material which, together 
with the original slides, form the basis for the following description. 

I may add at once that I can confirm the facts brought out by Winge. 
Pollen grains with 8 chromosomes occur together with pollen grains 
which besides these have a highly constricted A-chromosome. Winge 
says about this (1923, p. 11): “The A-chromosome is, as will be seen, 
divided into two, a larger portion, of the same dimensions as the largest 
autosomes, and a smaller answering to the smaller autosomes. At a 
casual glance, then, one may easily arrive at the chromosome number 
10 instead of 9 in such plates.” To me there is no doubt that the chromo¬ 
some number in these cells (corresponding to Wingers Figs. 21, 22, 23) 
really is 10, and that the Z-chromosome is only two autosomes, a large 
and a small, which happen to be lying end to end. The pollen grains in 
Fig. 6, with which many others are in accordance, give direct evidence 
for this view. The two uppermost cells are from Winge’s original slides. 
The metaphase of the first division is shown in both, and 10 chromosomes 
(3 large, 2 intermediate and 5 small) lie distinctly apart. The two lower 
figures are from my own slides, the left showing a prophase, the right 
a metaphase; also here the presence of 10 chromosomes is obvious. The 
measurements of the chromosomes made by Winge point to the same; 
the larger part of the Z-chromosome is exactly of the length of a large 
autosome (4*6p,) and the smaller part identical with a small autosome 
(2-2m). 

As has now been demonstrated, most of the divisions exhibit 10 
chromosomes, and only in a few cells are 8 or 9 chromosomes found. To 
this may be added some cases where numbers exceeding 10 have been 
found. I have seen several cells with 11 chromosomes, and at least one 
with 12. This variation in the chromosome number in the young pollen 
grains, which accounts for Winge’s mistake, is due to irregularities in 
the reduction division. 

This is evident from Fig. 7. In pollen grain shown on the left one 
chromosome is eliminated, and as the primary nucleus has not yet 
divided, the elimination must have taken place in the reduction division, 
either the heterotypic or the homotypic one. Several grains like this 
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can be found in the slides. In the other pollen grain figured 2 chromo¬ 
somes have dropped out. The elimination will account for the lower 
numbers observed; and if the chromosomes happen to be included in 
the nucleus again later on, numbers exceeding 10 may result; or else 
these may be due to non-disjunction in the reduction division. "Whether 
the irregularities in question occur in all Valhsnerias, 6r are confined to 
plants grown in aquaria in northern countries, nobody knows. Several 
factors, e.g. unfavourable temperatures, different chemical agencies, etc., 
are known to affect the reduction division and cause irregularities. 

Divisions in the young pollen grains of V. gigantea have also been 
found. Some of the most distinct plates are seen in Eig. 8. The left plate 
is a metaphase of the first division; 20 chromosomes are present, among 


a h 



Pig. 8. Divisions of the primaiy nucleus in pollen grains of F. gigantea. {a) Metu- 
phase plate. (6) Two corresponding anaphase plates. (x2500.) 


which the 6 long ones are easily picked out, the 4 intermediate ones 
being much less distinct. The other figure shows the corresponding 
anaphase plates of the same division; they are quite in accordance with 
the previous metaphase. 

Summarising the facts regarding reduction -division and pollen-grain 
divisions we may say that they are in full accordance with what was 
learned from the somatic divisions. The haploid number in F. spiralis 
is 10 (20 diploid), in V. gigantea 20 (40 diploid), and the chromosomes 
also in size and morphology correspond very well to the somatic ones. 
Ill V. spiralis irregularities in the reduction division are not uncommon 
and give rise to pollen grains with aberrant chromosome numbers. 

III. Discussion. 

From the facts given above it follows that the XO-(Protenor) type 
of sex-determination should for the present be omitted from the vegetable 
kingdom, although another case has been published by Meurman (1925) 
in Dioscorea sinuata Veil. The author, however, himself says (p. 90) that 
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Ms result is “not quite certain”; indeed tlie facts produced are so few, 
tliat it will be safer to look upon it as “ quite uncertain.” 

In tbe families of Hydrocharitaeeae and Najadaceae, which include 
the relatives of Vallisneria, there is no reason to believe the ZO-type to 
exist. Elodea gigantea has been investigated by Santos (1923), who 
reported an XF-pair to be present. In the family of Najadaceae, N. 
marina L. has been the object of study for several cytologists (Guignard, 
1899; Cl. Muller, 1912; Tschernoyarow, 1914). Guignard found the 
chromosome number in the reduction division in the pollen to be 6; 
Cl. Muller, studying the pairing and morphology of the chromosomes in 
root-tip mitoses, gave the diploid number as 14 and supposed Guignard 
to have missed a very small chromosome, present in dwplo in the somatic 
divisions. Tschernoyarow, one of Nawaschin’s pupils, working on the 
hypothesis of this author, who regards the trabant-chromosomes as 
comparable to the sex-chromosomes in insects (a hypothesis which is 
evidently wrong), figures somatic divisions of male and female plants 
of Najas as well as the reduction division in the pollen. In his root-tip 
shdes the 2 very small chromosomes were always attached to 2 long ones, 
and therefore to be looked upon as trabants, this giving the diploid 
number 12, corresponding to the haploid 6, already found by Guignard 
and confirmed by Tschernoyarow. Concerning the number and morpho¬ 
logy of the somatic chromosomes in the two sexes, he says (p. 412): “ dass 
sowohl die mannhchen wie die weiblichen Individuen einer vollkommen 
identischen Chromosomensatz besitzen, da sowohl in den einen als auch 
in den anderen ein Paar gleicher Trabanten vorhanden ist.” The chro¬ 
mosomes in the two sexes are identical both as to number and shape. 

The present Vallisneria material affords a basis for attacking the 
interesting problem of sex-differentiation and polyploidy. Most bio¬ 
logists with some knowledge of chromosome numbers and their relation 
in animals and plants are aware that polyploidy hardly ever occurs in 
the animal kingdom, but is very common in plants, and that an explana¬ 
tion of this is probably to be sought for in the fact that most animals 
are dioecious, most plants hermaphrodites (see Muller, 1926). Until 
lately no case of polyploidy in strictly dioecious plants was known. The 
Vallisnerias described here are the first example in which we must assume 
the doubling process to have taken place in a dioecious plant. There may 
be another in the genus Elodea', E, canadensis has the haploid number 
12 (Wylie, 1904), E. gigantea 24 (Santos, 1923). But the detailed cytology 
of E. canadensis has not yet been worked out and E, gigantea is, judging 
from Santos’ work, although tetraploid in number, not tetraploid 
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(didiploid) in its cliromosome morphology, so this case is still open to 
discussion. Heteroploidy is also found in the dioecious species of the 
genus Rumex (Kihara and Ono, 1923; Meurman, 1925) and in the family 
of Salicaceae (Blackburn and Harrison, 1924). But many hermaphrodite 
Rumex species exist, and in, the case of the Salicaceae male organs are 
not uncommon on the female plants. 

From a doubling of the chromosome number in hermaphrodite plants 
there will arise a tetraploid hermaphrodite, which has from the very 
start corresponding male and female gametes. In dioecious plants a 
doubling in the male is likely to produce a tetraploid male, whereas the 
same process in a female will produce a tetraploid female. On these 
plants gametes of one sort only are present, and these are of no use when 
the corresponding ones are missing. The doubhng process in dioecious 
organisms is therefore not likely to become of permanent value, the 
tetraploid males or females usually dying out without giving rise to 
tetraploid offspring. These can only be produced in the very rare eases, 
where the doubling process happens at the same time in a male and a 
female individual growing in the same locahty. 




Kg. 9. Sepals of V. spiralis (left) and V. gigant&a (right), showing blackish 
stripes. {x35.) 

In the Valhsnerias there is reason to believe that the tetraploid 
V. gigantea has been formed by a doubling of the chromosome number 
in V. spiralis or a closely related type. The two species are distinctly 
different, but the differences all seem to me of the kind for which a mere 
doubling of the chromosomes will account. Prom Graebner’s description 
(1913), with which the material I have seen (living plants and type 
specimens from Bureau of Science Herb. No. 11936) is in conformity, 
the gigantea type has the following characteristics; bigger than spiralis 
in all parts, broader and 7-veined leaves, stolons not abundant;-the 
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stigmas rather short and narrow and their tips a little corniform; spatha, 
fniit wall and sepals with, narrow blackish stripes. The difierences how¬ 
ever all have a quantitative character for which the tetraploidy well 
accounts. The blackish stripes, for example, are also present in 7. s-pimlu, 
but are shorter and less numerous (Fig. 9). 

It is a well-known fact that a multiplication of the chromosome 
number occasionally occurs in plants. Several cases have been found by 
chance, and Winkler (1916) has even produced tetraploids experimentally. 
That such doubling of the chromosome number also takes place in 
Vallisneria is evident from Fig. 10 in which are shown (a) the nuclei of two 
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Fig. 10. Nuclei of tctraploid (a) and octoploid (h) pollen mother cells in 
F. spiralis. (x2500.) 


tetraploid pollen mother cells found in one of my slides, and (&) an 
octoploid nucleus found in another slide. Owing to the indistinctness 
of the gemini in diakinesis it has been impossible to determine the actual 
number present in the cells, but it is about 20 in the former and 40 in 
the octoploid. Such doubling of the chromosome number, occurring of 
course in the somatic tissue, may give rise to tetraploid plants; and it is 
my opinion that V. gigantea has been formed in this way, the males from 
a male diploid and the females from a female diploid, although it is not 
excluded that one of the sexes may have arisen as a somatic mutation 
from the other. 

The Vallisnerias have an almost unlimited power of vegetative 
propagation. This has made the formation of a tetraploid species possible 
in these dioecious plants, because it means that a male 7. gigantea for 
example may exist for centuries, waiting for females to be formed. The 
description by Graebner (1913) only mentions female plants, and possibly 
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males were not growing in tlie locality in the Philippine Islands where 
the type specimens were found. It has not been pos.sible to trace the 
history of the male V. gigcmtea grown in Europe. 
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BIZZARRIA—A CLEAR CASE OE RERICLINAL 

CHIMERA. 
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The bizzarria orange is generally referred to as the typical illustration 
of a sectorial chimera. Early accounts of Nati(i5) and others following him 
accredit its origin to a defective grafting between citron (Citrus medica 
Linn.) and sour orange (Citrus Aurantium, Linn.), accidentally obtained 
by a Florentine gardener in 1644. An illustration of Risso and Poiteau (2i), 
later copied by Engler and Prantl(9), strongly suggests a sectorial charac¬ 
ter. Fuller accounts of its origin and criticism of its nature were given 
by Gallesio ( 10 ), Darwin (8), and Penzig(i7),{i8), but time was premature for 
these authors to arrive at any satisfactory conclusion. Strasburger (23), 
discussing from his cytological study of the vegetative sphere of citron, 
sour orange and bizzarria; concluded that the bizzarria cannot be a case 
of somatic hybrid but possibly is a sexual hybrid, though there is no proof 
of it on record. Winkler’s (28) discovery of plant chimeras caused by 
grafting, eventually made Strasburger change his opinion, and he (24) 
suggested the possibility of the existence of “hyperchimera” in plants, 
presenting bizzarria as a possible case of it. Baur(2), from his studies on 
the variegated Pelargonium-, advanced the opinion that plant chimeras 
are divisible into two classes, sectorial and periclinal. Winkler(29), and 
Buder(5), using the terminology of Baur, classed all of the tomato- 
nightshade graft-hybrids as periclinal chimeras, with the exception of 
Solanum Darwinianum-, which Winkler classed as “ Verschmelzungs- 
Pfropfbastard.” Neither Winkler nor Baur made mention of bizzarria, 
but since Baur (3) maintains that hyperchimera is in anatomical con¬ 
struction simply a periclinal chimera, bizzarria, according to his defini¬ 
tion, may be classed as a periclinal chimera. This deduction, how^ever, 
failed to attract the attention of succeeding writers. 

Goldschmidt (11) was probably the first author to cite bizzarria as 
an undoubted case of sectorial chimera, and the unfortunate coincidence 
of Haecker’s book(i 2 ) appearing almost at the same time created 
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a wide acceptance for this assumption. Together with the misleading 
Risso-Engler illustration of bizzarria, many textbooks copied the infer¬ 
ence as an example of the rather rare occurrence of sectorial chimera in 
the plant Idngdom. Later writers, as in the cases of Plate (lo), Molisch(i4), 
and Babcock and Clausen (i), seem to tend to recognize the partial 
occurrence of perielinal formation of the fruit, but no critical statement 
is presented. Careful reading of the anatomical account given by Stras- 
burger(23) will show that the occurrence of sectors of both citron and sour 
orange flesh within a single fruit is exceptional, and his statement is too 
unconvincing to warrant the acceptance it received. Risso and Poiteau (2i) 
state that the citron character does not aflect the sour orange centre, or 
penetrate as far as its axis, but their painting shows that the bizzarre 
outline does not aflect the citron centre. An exactly similar nature of the 
pulp is later exhibited by the drawing of Poiteau and Turpin (20). 

In the winter of 1922-1923, the writer made a critical study of the 
bizzarria plants at Ploreiice and La Mortola, through the courtesy of the 
Botanical Institute of the University of Plorence and the Giardino 
lianbury of La Mortola near Ventimiglia, Italy. Some potted plants in 
the greenhouse of the former, labelled bizzarria, were found to be normal 
sour orange, while some others bore binary oranges. None was the 
typical bizzarria fruit as so excellently illustrated by Poiteau and 
Turpin( 20 ). In the field of La Mortola garden,‘a plant presented a very 
typical bizzarria, bearing a fine bifacial fruit which was later submitted 
to the examination of the writer. This particular fruit is described below 
(Plate VI). 

Fruit medium in size, 19*6 cm. in girth, 6-3 x 6*1 cm, in diameter, 
and 5-8 cm. high, longitudinally divided into \ part sour orange and 
d part citron. Sour orange part oblate, about 5*5 cm. across and 4*2 cm. 
high, apex rounded, slightly depressed toward the stylar point, base 
much depressed to the calyx; surface even, indistinctly very fine streaked, 
finely pitted with rather indistinct oil cell dots; colour green, beginning 
to change into orange; the peel breaking longitudinally at one point, 
disclosing more or less sunken citron-lilce surface, the striations becoming 
more distinct at the stylar end. Citron part very rough, irregularly 
tuberose, longitudinally .streaked, striation.s irregular, branching, deeper 
coloured, showing at one place clearly the texture and colour of sour 
orange; colour of peel pinard yellow to light cadmium (Ridgway, Color 
Standard, Plate IV), oil cell dots far apart, size uniform, shallowly con¬ 
cave, distribution irregular. Calyx flat, very irregularly lobed, oil cell 
dots indistinct but projecting like warts; texture thick, glabroiis. 
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Section periclinal, normal citron pulp enclosed in a sour orange peel, 
the latter being partly penetrated by citron character. Sour orange rind 
thick, 9-11 mm., coloured, "with imbedded fibres; oil cells close, fine, 
oblong, homogeneous in size but arranged in irregular rows; imier layer 
containing several fissures forming empty holes. Citron rind distinctly 
separate from the former, connecting at a certain place with the pulp 
ball, pure white, about 20 mm. thick, texture solid, no imbedded fibres, 
oil cells large, oblong, distant, outline not definite, arranged in different 
depths, some reaching far interior, very light greenish yellow. Pulp ball 
small, round; segments 11, regular; outer end rounded, iimer end obtuse; 
central column large, 10 x 6 mm., solid, fibre strands circinate, not 
prominent; segment wall thick, holding white pith between. Pulp white, 
solid, transparent, acid, vesicles elongated, parallel, very few in number, 
flexible. Seeds few*, small, plump, smooth, rosy outside, testa thin, 
tegmen beautiful rosy purple, containing w^hite mono-embryo. 

The La Mortola plant is a dwarf tree about one metre in height with 
a single main trunk inclining toward north-east. The plant bears three 
distinct lands of foliage; namely, typical sour orange leaves, typical 
citron leaves and typical bizzarria leaves as painted by Risso and 
Poiteau(2i). The sour orange leaves are characterized by a thick, deep 
green blade and definitely winged petiole. The citron leaves are oblong, 
lighter coloured, much thinner, distinctly serrate on margin, and devoid 
of petiole wing. The bizzarria leaves in general resemble the sour orange 
leaves, but are quite irregular in outline and variable in shape. They 
are occasionally very much narrowed and boat-shaped, and are some¬ 
times more or less variegated. An abnormal linear form markedly taper¬ 
ing at both ends is also found. The petiole wdng is quite variable, ranging 
from linear to oboval. The first horizontal branch of the La Mortola plant 
comes out quite near to the ground, stretching toward the north-east, and 
bears typical bizzarria shoot at the terminal (Plate IV, C). A side branch, 
coming upward about the middle of this branch, shows typical citron 
leaves at the tip (Plate IV, A). The second branch, starting from the trunk 
about 7 cm. above the ground, rises southward with rather strong 
inclination, 67 cm. in total length. Two fruits are borne on this branch, 
the terminal one being the one described above. The second fruit, not 
taken for study, is also bizzarria, appearing like an immature warty 
citron with deep green sour orange streaks. The foliage below these fruits 
presents normal bizzarria characteristics. Nearly all of the side branches 
of this second branch have bizzarria characteristics, except two small 
citron shoots rising about the middle of the second side branch, and the 
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sour orange terminal slioots of tKe first side branch. The latter is a very 
remarkable case of the segregation of very stable sour orange from rather 
variable bizzarria, the demarcation being so clear that it looks as if two 
different kinds of shoots were grafted together. The bizzarria foliage 
below the joint is particularly small, narrow and acutely tapering, while 
sour orange leaves attached are large, oval, well spreading and widely 
alate. The writer{25),(26),(27) has been studying many remarkable cases of 
bud variation and vegetative reversion between “Wase” (praecox) and 
normal characters in Satsuma orange {Citrus unshiu Hort.), but he has 
never observed such remarkable segregation on a single growing axis. 

From the joint of this second branch, the main trunk rises obliquely 
for a distance of 14 cm. with inclination toward the north-east, and there 
forks into two large spreading branches, leaving a slender straight shoot 
ascending in the opposite direction from the main tnmk. The forking 
branches again fork almost alike on the two sides and are all typical sour 
orange, none bearing bizzarria foliage, while the slender one is bizzarria 
throughout. In this case segregation must have taken place at the point 
where the trunk made the first forking. The specimen of sour orange 
leaves (Plate IV, B) was taken from the second branchlet from the north. 
The plant as a whole is a bizzarria with large fan-shaped top of segre¬ 
gated sour orange, and with occasional reversion to both sour orange 
and citron. The tree is trifacial in nature just exactly like Crataegoniespilus 
Dardarii, a plant of which was studied by the writer with the kind aid 
of Prof. W. Johannsen of the University of Copenhagen. This Bronvaux 
medlar regularly sends forth two kinds of reverted shoots, i.e. pure 
medlar and pure whitethorn, so that three kinds of branches are present 
on the same tree, just as in the case of the bizzarria orange here described. 
According to Meyer (13), Crataegomespilus Dardarii is a periclinal chimera, 
with the upper two layers of Mespilus over the core of Crataeg^is\ Here 
the Crataegus core occasionally penetrates the Mespilus mantle, or it 
drops from the covering, leaving pure Mespilus. Similarly, the sour 

1 Since the above -was written Prof. Punnett kindly called the attention of the writer 
to the peenliar nature of the Crataegomespili studied by Prof. F. E. Weiss, showing inter¬ 
mediate characteristics of both graft pai-ents. Prof. Weiss (in Mem. and Proc. Manchester 
Lit. and, Phil. Soc. LXix. 1925, No. 9, pp. 1-6) boldly suggests that these graft-chimeras 
are somewhat like seed-hybrids, showing segregation of parental characters in their somatic 
tissues. The writer, however, believes that plant chimeras are not necessarily very strictly 
dual in nature, and it is possible that certain characters may he influenced by others 
through close contact of widely different elements. In the case of the epidermal tissue of 
Crataegomespili, the outline of the cells must be influenced by the underlying inside 
element, while other essential morphological characters (like hairiness, cell thickness and 
contents, etc.) are left quite intact. 
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orange mantle may be penetrated by tbe citron core; or tbe citron core 
may entirely drop out and tbe pure sour orange branch results. 

The first plant studied at Florence also possessed three distinct types 
of foliage (Plate V). Very small immature citron fruit was taken for 
study from a citron branch of this tree (Plate V, D), and a yellow 
streaked sour orange was taken from a bizzarria branch of the same 
tree (Plate V, A). The latter has the appearance of common sour orange, 
except for citron-coloured longitudinal striations, slightly sunken from 
the sour orange surface. By halving the fruit, this was found to be a 
bizzarria, with normal souir orange covering over a pure citron pulp ball. 
The protuberance of the citron peel, as found in the previous specimen, 
does not seem to be an invariable characteristic, but, as noted above, 
the presence of fissures in the sour orange peel perhaps enables the 
enclosed citron element to push out readily to form an outgrowth. It is 
also quite possible that fruit with pure sour orange cover and citron core 
may be found. No fruit with sour orange appearance was borne on this 
tree, though the sour orange leaves were present (Plate V, C). All sour 
orange fruit examined from the second plant showed typical sour orange 
characteristics throughout the centre. This tree, originally propagated 
from a bizzarria plant, seems to have reverted completely to a sour 
orange, and the citron element is entirely lost from the foliage and fruit. 

The typical bizzarria fruit described before, that from La Mortola, 
presents sufficient evidence that bizzarria is a periclinal chimera, the 
external cover of sour orange having no influence on the citron core. 
The cover is fundamentally sour orange and the penetration of the citron 
element from the citron carpel is made easy by the weaker construction 
of the outer layer. Fine striations longitudinally running on the fruit 
surface may have some significance in this connection. Close examination 
wiU at once prove that the citron skin is not a pure citron, but is longi^ 
tudinally streaked with a substance corresponding to that of sour orange. 
It looks as if the citron substance is forced out through the matrix of 
sour orange, leaving the linear patches of the ground substance in the 
form of parallel striations. In transversely halving the fruit, this point 
is most clearly demonstrated by the presence of distinct sour orange 
peel elements left in the citron portion (Plate VI). The texture of citron 
peel is highly diflerentiated from the sour orange substance, expanding 
outward in a fan-shaped mass quite narrowed at the inner portion reach¬ 
ing as far as the carpel. The segment enclosed is in every respect a citron, 
and no Citrus fruit is known with such light-coloured pulp and mild acid 
flavour. Although Strasburger(23) mentions that bizzarria is sterile, the 
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writer found seeds of tliorouglily citron character. The purplish-rosy 
colour of the tegmen is not to he found in any other kind of Citrus besides 
citron. 

Critical study of this much discussed graft-hybrid thus brings us 
to the conclusion that this is a clear case of perichnal chimera, a citron 
core covered by sour orange coating. The citron peel, suggestive of being 
a sectorial chimera, is merely the penetration of citron element through 
the covering, just as the pure citron shoot comes out from a bizzarria 
branch. A pure sour orange shoot is similarly formed by replacing the 
citron element of the central portion, and in the same way the sour orange 
sector may be present among the segment of fruit partly replacing the 
citron carpels. The sectorial formation of the pulp occasionally mentioned 
is explained by such a partial replacement of the internal element by 
the outside substance. The trifacial nature of graft-hybrids is only 
explained by such replacement of antagonistic elements through invasion 
both outward and inward. Graft-hybrid chimeras are unstable in their 
nature; the union between the outside and inside elements can readily 
be broken, the single element occup 3 dng the whole tissue wherever there 
is a chance, because this condition is more stable than the original dual 
formation. This reversion to the original parent seems to be analogous to 
the vegetative reversion associated with bud variation, but the latter 
case is better explained by reversible allelomorphic transformation or 
by chromosomal mutation, rather than the chimeral construction of the 
original bud-mutant. Cavara(6) stated that sectorial chimera occurs in 
a canaliculate sour orange found in the Naples Botanic Garden, but the 
writer’s observation proved that this is a case of vegetative reversion 
developing sectorially from the original canaliculate bud-mutant, and 
such cases are very common in other bud-mutants found in the Citrus 
fruits, as is previously shown by the writer (25). Cramer (T) cites cases 
where a spontaneous orange sector is found in the fruit of common lemon, 
and Oudemans (16) gives a fine illustration of a halved lemon containing 
sweet orange segments. Savastano and Parrozzani(22) also give striking 
cases of such sectorial fruits, and an orange-streaked lemon illustrated 
by Babcock and Clausen (i) is explained as a chimera. Such spontaneous 
occurrences of orange-coloured sectors in light-coloured Citrus fruit are 
probably the emergence of the hidden element come up from the sour 
orange stock, and are not to be ascribed to bud mutation or to typical 
chimera as seen here in bizzarria orange. Imperfect union between the 
scion and the stock may carry up a patch of the stock tissue surrounded 
by a majority of the scion tissues. The existence of such “island” of 
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otter element is described by Bateson(la) in a zonal pelargonium. Sncb 
may be termed bypercblmera in Strasbnrger’s sense, but is naturally a 
periclinal, either aUecting the core or rind. The occurrence of periclinal 
chimera originating perhaps as graft-hybrid, is not very rare in the 
Citrus fruits. Darwin (8), and later Bonavia(4), summarize two distinct 
cases of such, one from Smyrna and the other from Alexandria. Lemon 
{Citrus Limon Burm.) and sweet orange {Citrus sinensis Osbeck) sectors 
are found in the same fruit, just like bizzarria. The writer witnessed such 
a dual plant in Alabama in 1918, a satsuma orange graft with a trifoliate 
orange sector rising from the stock. The plant was a nursery tree of about 
three years old, but the writer never saw the fruit. 

Judging from the material here presented, the writer inclines to the 
opinion that periclinal construction occurs with greater frequency than 
true sectorial formation throughout the epidermal and cortical tissues. 
Sectorial chimera, as encountered in the plant kingdom, may be mostly 
a temporary feature of constitutional periclinal chimera, so explained 
merely because its true nature had been insuf6.ciently analysed. 
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EXPLANATION OF PLATES IV—VI. 

Plate IV, 

XT of bizzarria, sour orange and citron, aU taken from a tree planted at Giardino 

Hanbury, La Mortola, near Ventimiglia, Italy. 

A. A bizzarria branch terminating with ptrre citron foliage. 

B. A branch of thoroughly sour orange character from the same tree. 

C. A bizzarria branch with typical narrowed leaves. 
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Plate V. 

Three kinds of branches collected from a potted tree of bizzarria, from the greenhouse 
of the Botanical Institute, University of Florence, Italy. 

A. A bizzarria branch with a striped fruit (bizzarria, but citron sectors forming sunken 
striations without projecting in protuberance). 

B. A bizzarria branch, showing variability of petiole wing. 

C. A pure sour orange branch without fruit. 

D. A citron branch with a miniature citron fruit. 

E. A branch of bizzarria, partly segregating pure citron leaves (upper two). 

Plate VI. 

A fruit of bizzarria collected from a bizzarria branch of La Mortola plant. 

Upper line. Cross-section and apical view. Note the clear demarcation of sour orange and 
citron rind, and light coloured pure citron pulp. 

Lower left. Basal view of the same. 

Lower right. Side view of the same. (Note very typical narrow, boat-shaped leaves,) 
Size slightly reduced. (Tanaka and Hosomi photo.) 




THE INHERITANCE OF BLACK, YELLOW AND 
TORTOISESHELL COAT-COLOUR IN CATS. 


By RUTH C. BAMBER (Mbs BISBEE), M.So., F.L.S. and 
E. CATHERINE HERDMAN, M.Sc. 

{The University of Liverpool, 1926.) 

The problem of the inheritance of black, yellow and tortoiseshell 
coat-coloni in cats is both complicated and interesting. Comparatively 
few carefully controlled experiments have been carried out, but consider¬ 
able data have been collected from breeders, and certain facts have 
emerged quite clearly. Normally the cross black $ x yellow S gives 
tortoiseshell $$ and black dd: the reciprocal cross, yellow $ x black d? 
gives tortoiseshell $$ and yellow dd- Tortoiseshell males occur only as 
very rare exceptions. 

These observed facts have been explained in many different ways. 

Doncaster (1904) suggested that yellow is completely dominant over 
black in the male, incompletely dominant in the female, so giving 
tortoiseshell daughters and yellow sons from the cross yellow? x black d* 
Little (1912) pointed out, however, that the reciprocal cross black $ x 
yellow d gives Uach sons and tortoiseshell daughters, and that therefore 
dominance of yellow over black in the male is not an adequate explana¬ 
tion of the observed facts. He suggested that both yellow and black are 
sex-linked, a black $ being BB, a black d a yellow ? YY, and a 
yellow d Y-. In the same year Doncaster (1912) concluded that yeUow 
only is sex-linked, and that black is present in all gametes, yellow being 
completely dominant over all black in the male, incompletely dominant 
in the female. In 1913 Johannsen put forward a theory almost exactly 
like that offered by Doncaster in 1904, except that he looked upon black 
as being dominant to yellow in the male, whereas Doncaster supposed 
yellow to be dominant to black. In 1916 Ibsen suggested that tortoise¬ 
shell is due to a separate factor, T, which can only act in the presence 
of black, B, causing it to be restricted to spots with yellow areas between. 
He considered black, B, to be dominant to yellow, b, and suggested that 
normally T is closely linked with b. He supposed both pairs of allelo¬ 
morphs, Tt and Bb, to be sex-linked. Wright in 1918, discussing the 
chemistry of coat-colour, adopted Little’s idea of sex-Unkage of both 
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black and yellow, but evidently considered yellow to be simply absence 
of black. In 1919 Little modified bis earlier hypothesis to the extent of 
placing B, black, m all X-chromosomes and making Y, yellow, and y, the 
absence of yellow, a separate pair of sex-hnked allelomorphs. He 
suggested that one dose of yellow is completely epistatic to one dose of 
black giving yellow in both sexes, but that one dose of yellow to two 
doses of black gives tortoiseshell. 

Apart from Doncaster’s first suggestion (1904) and the similar one 
put forward by Johannsen in 1913, any one of the above hypotheses 
will account satisfactorily for the observed normal facts of inheritance of 
black, yellow and tortoiseshell. 

There are, however, a number of exceptional facts of inheritance. 
A tortoiseshell male does occasionally appear, and somewhat more 
frequently black daughters are produced from yellow sires. There are 
also one or two cases on record of a yellow female having bred as a 
tortoiseshell. Many difierent explanations, based on one or other of the 
above hypotheses, have been put forward to account for these excep¬ 
tional individuals, but no theory so far offered has been able to bear the 
full weight of the recorded facts, and the whole problem of the inheritance 
of black, yellow and tortoiseshell remains unsettled. (A detailed dis¬ 
cussion of the rival theories is given by Bamber in Bihliograjphia 
Genetica, Vol. in. pp. 14-44.) 

Either yellow or black or both are certainly sex-linked, but the 
ordinary facts of inheritance can be explained equally well by assuming: 

(1) that black and yellow are both sex-linked and are allelomorphs, 
i.e. two positive factors which are alternative to one another; 

or 

(2) that both are sex-hnked but are not allelomorphs, black being 
present in all AT-chromosomes, one dose of yellow being completely 
epistatic to one of black; 

or 

(3) that both are sex-linked but are not allelomorphs, yellow being 
present in all A-chromosomes, one dose of black being completely 
epistatic to one of yellow; 

or 

(4) that yellow only is sex-linked and that black is present in all 
gametes {i.e. in. an autosome), one dose of yellow being completely 
epistatic to all black in the male, incompletely so in the female; 

or 

(5) that black only is sex-hnked and that yellow is present in all 
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gametes, one dose of black being completely epistatic to all yellow in tke 
male, incompletely so in tbe female. 

Two of tbe above possibibties (3 and 5) are, however, usually dis¬ 
counted because at least three matings between yellow cats have been 
definitely recorded as giving black or tortoiseshell in the oSspring (Don¬ 
caster, 1913; Whiting, 1918), whereas there is only one doubtful record 
of two blacks ever having given tortoiseshell in the offspring (Bonhote, 
1915). 

Notwithstanding the conflicting evidence it seems certain that, 
whatever may be the exact relationship between black and yellow, either 
there is a difference in dominance in the two sexes or both colours are 
sex-linked. 

The observed results of carefully controlled experiments are few. 
Little (1912) and Whiting (1915, 1918, 1919) have both recorded results 
from their own experiments but these involve comparatively few 
matings. Doncaster (1913) has given the fullest account of the inherit¬ 
ance of black, yellow and tortoiseshell but his data were collected from 
breeders for the Gat Fancy and were not the results of carefully controlled 
scientific experiments. Bonhote (1915) also gives many facts, but again 
the majority were obtained from breeders, and most of these facts had 
already been given to Doncaster and were included in his 1913 paper; 
they are, therefore, no additional evidence. 

Thus there is not a very firm foundation of fact on which to erect such 
a weighty superstructure of hypothesis. 

In the hope of throwing some additional light on the subject we have 
been carrying out experiments with cats during the past four years. The 
experiments have been chiefly genetical but a little physiological work 
has also been included. One of us suggested, Bamber 1922, that, if there 
is a difference of dominance between black and yellow in the two sexes, 
it might be possible to alter the colour of a male by turning his physiology 
towards the female condition. In an attempt to do this, in 1923, three 
newly born yellow male kittens were castrated, and, from the time they 
were about four months old, two of these were fed with ovarian extract 
for a period of six months. The results were entirely negative. We 
intended to perform the same experiments with black males, but, before 
this was attempted, our genetical work practically proved that there is 
no difference in dominance in the two sexes, and our physiological work 
was therefore discontinued. 

In reporting our breeding experiments, it is important to state 
clearly that our animals have been kept under conditions which preclude 
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tke possibility of any inaccuracy in our records. Tbe females have lived 
and bred in separate cat-bouses witb enclosed wired-in grass runs, and 
have not at any time been allowed liberty. Tbe males bave been free to 
roam tbe neigbbourbood^, but bave each been confined in a separate 
pen with a single female at tbe times of mating. Our results, as recorded 
in this paper, are, therefore, entirely reliable. 

Many difierent crosses bave been made, and in eacb case there bave 
been several litters. Tbe total results of these experiments are as 
follows; 

(а) Black d x Black $—5 Black dd; 8 Black 

(б) Black d X Yellow $—3 Yellow dd; 3 Tortoiseshell 

(c) Black d X Tortoiseshell §—11 Black dd; 8 Yellow dd; 9 Black $$; 
8 Tortoiseshell 

(d) Yellow d X Yellow $—see {g) below. 

(e) Yellow d x Black $—7 Black dd; 2 Tortoiseshell 

(/) Yellow d X Tortoiseshell?—1 Black d; 5 Yellow dd; 4 Yellow $?; 
1 Tortoiseshell $; 1 Anomalous Yellow ? (4 d) 

{g) Yellow d x Anomalous Yellow $ (4 d )^—3 Yellow dd; 2 Yellow 

1 Anomalous Yellow d (Tortoiseshell?) ^ 

These results are given in detail in Table 1. It seems advisable to do 
this both because the amount of data from controlled experiments is 
small and because, so often, in condensing results, facts disappear which 
would be of value to other workers approaching the problem from a 
difierent view-point. Also, in such a controversial subject, any fact 
may prove to have an unsuspected significance. 

Beference numbers are given in the table for all animals which have 
been used for breeding, so that the interrelationship of our stock can 
be easily followed. Arabic numerals denote individual cats; Eoman 
numerals denote matings. 

^ There is, however, no question as to the identity of the tom-cats. They were treated 
as personal friends and, as such, were readily recognisable from other cats which visited 
the cattery from time to time. 

® The $ was yellow with a minute amount of black on the back of her right hind foot, 
and might therefore be called tortoiseshell. She is here classified as yellow because her 
breeding behaviour suggests that her yellow and black do not segregate as they do in a 
normal tortoiseshell,- she appeam to be homozygous for yellow in addition to having the 
small amount of black. Her son, the “anomalous yellow” male kitten had about twice as 
much black as his mother, but his type of colouration is so obviously the same as hers that 
it would be absurd to classify them differently. The whole subject is discussed in detail on 
p. 92. 



TABLE I. 


Tor- Anom. 

No. of Black Yellow toise- yellow 

Mating Nature of mating 


I. (J 3 Black X $ 2 Black 

11. „ X 

III. (? 1 a Black (ex XV) x$ 2 Black 

IV. (J 1 a Black (ex XV) x$ 16 6 Black (ex II) 

V. 1 a Black (ex XV) x $ 2 a Yellow (ex XVIII) 

VI. „ X 

VII. cJ 1 ® Black (ex XV) 4 Tortoiseshell 
VIII. „ X „ 

IX. „ X 

X. 1 a Black (ex XV) x$ 5 Tortoiseshell 

XL „ X 

XII X 

XIIL c? 7 Black x$ 5 Tortoiseshell 

XIV. <^13 Black x$ 5 Tortoiseshell 

XV. <J1 Yellow x$ 2 Black 

XVI. „ X 

XVII. 12 YeUow x? 16 b Black (ex II) 

XVIII. (J 1 Yellow X $ 5 Tortoiseshell 

XIX. 1 Yellow x $ 4 Tortoiseshell 

XX. $ 12 Yellow x$ 4 Tortoiseshell 

XXI. c? 1 Yellow x$ 4 d! Anomalous 

Yellow (ex XIX) 

XXII. 9 Yellow X $ 4 d Anomalous 

Yellow (ex XTX) 

* This kitten was recorded as a $, but as it died young 
is not absolutely certain. 
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TABLE I. 


No. of 

Mating Nature of mating 

I. 3 Black X $ 2 Black 

1 a Black (ex XV) x $ 2 Black 
^ la Black (ex XV) x$ 16 6 Black (ex II) 
cJ 1 a Black (ex XV) x ^ 2 a Yellow (ex XVIII) 

(J 1 a Black (ex XV) x $ 4 Tortoiseshell 


Tor- Anom. 
Black Yellow toise- yellow 


(? 


(?$(?? 


II. 

HI. 

IV. 

V. 

VI. 

VII. 

VIII. 

IX. 

X. 

XI. 

XII. 

XIII. 

XIV. 
XV. 

XVI. 

XVII. 

XVIII. 

XIX. 

XX. 

XXI. 


1 a Black (ex XV) x $ 5 Tortoiseshell 

M X 


cj 7 Black X 5 5 Tortoiseshell 2 

13 Black x$ 5 Tortoiseshell 2 

1 Yellow x $ 2 Black 5 

X 2 .... 1 

cJ 12 Yellow X 9 16 6 Black (ex II) . I 

(5 1 Yellow X $ 5 Tortoiseshell . . 3 

cJ 1 Yellow X 9 4 Tortoiseshell 1 • 1 

cJ 12 Yellow X 9 4 Tortoiseshell . . 1 

1 Yellow X 9 4 6? Anomalous . . 1 

Yellow (ex XIX) 

XXII. 9 Yellow X 9 4 Anomalous ..21 

Yellow (ex XIX) 

* This kitten was recorded as a 9, but as it died young and was not dissected its sex 
is not absolutely certain. 


1 

1 * 

2 

1 


1 * 
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On. the whole our results are in harmony with the findings of other 
workers, but some new facts have come to light which give rise to en¬ 
tirely new points of interest. These facts are: 

(1) A yellow 9 (4 d) has appeared with a minute amount of black- 
spotting on the back of one foot and this black seems not to have 
segregated from yellow in her germ cells—it was apparently transmitted 
together with yelloio to one of her sons. 

(2) Twenty-six yellow cats have been examined and, with one 
possible exception, all have been found to have a few scattered black 
hairs. An equally careful examination of forty-three black cats revealed 
only one single yellow hair. 

The yellow 9 (4 d) was at first thought to be an ordinary yellow 
kitten, but when she was about four months old three minute black 
spots were discovered on the back of her right hind foot. She was then, 
of course, recorded as a tortoiseshell. Naturally she reminded one of the 
two yellow females, recorded by Doncaster (1913) and Whiting (1918), 
which bred as tortoiseshells, and she seemed to support the suggestion 
made by Whiting.(1915) that tortoiseshell females may vary from solid 
black to solid yellow. Whiting (1915) and Doncaster (1913) have both 
recorded Maltese (“blue” = dilute black) cats with only a few cream 
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liairs. Whiting states that his tortoiseshell females could be arranged 
in a series leading from one predominantly yellow to one almost pure 
Maltese, and our almost entirely yellow female, together with the two 
entirely yellow ones referred to above, which bred as tortoiseshells, 
seemed to complete the yellow end of the series. To account for such a 
series Whiting (1915) put forward the suggestion that, in addition to the 
colour factors involved in the production of tortoiseshell, there are also 
modifying factors governing the relative amounts of the two colours 
and so producing continuous variation from yellow to black. It was, 
therefore, of interest to test the mode of inheritance of the yellow and 
black in our anomalous yellow female (4 d). She herself was the offspring 
of a yellow male (1) and a dark mingled tortoiseshell female (4). When 
mature she was mated with her own father (4 d x 1) and produced a 
yellow male, a yellow female and an “anomalous yellow” male. This 
male was extremely interesting in that his ty'pe of marking was clearly 
the same as his mother’s. On casual observation he might have been 
mistaken for a yellow. He had, however, more black than his mother 
and its distribution was different: he had a distinct spot over the left 
eye, a very small spot above each ear, a scarcely visible one on the right 
shoulder, a small one on the left side of the tail about half way down, 
and a minute one on the right side of the tail nearer the tip, in addition 
to numerous scattered black hairs throughout the yellow parts of his 
coat. This small amount of black-spotting seems almost certainly to 
have been inherited from his mother. But he was predominantly yellow, 
and visible yellow is not normally transmitted from a yellow male to 
his son, so that it is almost certain that he received his yellow also from 
his mother. But black and yellow segregate in a normal tortoiseshell 
female. It looks as though our female (4 d) were really a yellow, but with 
some of her yellow-carrying gametes “contaminated” with black^. As 

^ As there is apparently no rule of inheritance in cats withoizt its exception, it is doubt¬ 
less possible that in this ease the yellow father (1) did give yellow to his son and that the 
black only came from the mother, in which case she would be a tortoiseshell carrying some 
unusual modifier of the amount of black, which was also transmitted to her son. It is 
against the laws of probability, however, that the male (1) should transmit yellow abnor¬ 
mally to a son just on that one particular occasion when he was mated with an unusual 
female—all his other known offspring were normal in this respect. He was, however, the 
father of 4 d as well as of her abnormal son, and this does introduce an element of doubt 
into the question—he jnay have been responsible for the unusual colouration of 4d and in 
turn for that of her son, in spite of the fact that all his other progeny were normal and that 
he himself was, m appearance, a perfectly normal yellow: but it seems improbable. By' 
far the most probable explanation of the whole matter seems to us to be that given above, 
viz. that 4 d is abnormal in colouration, i.e. is an anomalous yellow and not a tortoiseshell, 
and that she has handed on her abnormality in toto to her son. 
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sucli slie has, of course, no bearing on Whiting’s series, if his animals 
were all genetically true tortoiseshells. Later she was mated to a different 
yellow male and produced two yellow males and one yellow female, all 
without any black-spotting. Unfortunately soon after this she died. 
Her “anomalous yellow” son had been drowned and preserved in forma¬ 
lin during our absence and his father had strayed and been lost during 
the same period. That part of our investigation, therefore, came to an 
untimely end and left us with only a tantalising suggestion. 

After the discovery of the black spots on $ 4 d we naturally examined 
all our yellow cats very carefully, but none had the least suggestion of 
a black spot anywhere. Later one of our yellow kittens became infested 
with fleas and, when going over it very carefully with a small tooth 
comb, we found three or four black hairs. No ordinary examination 
would have revealed this small amount of black and consequently we 
began to examine every available yellow cat with especial care. W'e have 
examined cats from our own stock, from the Cats’ Home here in Liver¬ 
pool, from different parts of England and from the Isle of Man, and the 
interesting fact has come to light that apparently all yellow cats have 
a few black hairs. Altogether we have examined twenty-six individuals 
—^males, females and neuters (castrated males)—of all ages, and, in all 
except one newly born kitten, we have been able to find some black hairs. 
In four the black hairs were distinctly ticked as in tabby pattern, and 
presumably these animals were carrying the factor for agouti (ticking). 
There is no question of these yellow cats being tortoiseshells near the 
yellow end of the series; they are ordinary yellows, and in those cases 
where we have bred from them they have shown no suggestion of segre¬ 
gation between black and yellow. It is doubtful whether a pure yellow 
cat exists^: all are slightly “contaminated” with black. We have also 
examined forty-three black cats from the same districts as the yellows 
but have succeeded in finding only one solitary yellow hair; this was 
on a female. 

These findings lead to several points of interest. 

In the first place they very strongly suggest that hotJi black and yellow 
are sex-linked. As was poiated out on p. 88, the ordinary facts of 
inheritance can be explained only by assuming either that loth black and 
yellow are sex-linked, or that 07ie is sex-linked and the other not, the 
sex-linked colour being completely dominant in the male, incompletely 

^ We cannot attach much importance to the one newly born kitten in which we failed 
to find any black. Often in verj'^ young kittens it is extremely difficult to find the black; 
ten minutes’ search with a hand lens may reveal only two or three black hairs. 
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dominant in tlie female. Tlie fact tliat in yellow cats, males and females 
alike show a few black hairs practically proves that there is no difierence 
in dominance between the sexes, and goes far to estabhsh the sex- 
linkage of hotli colours. It might be suggested that we are dealing here 
with a different black from that of an ordinary black cat. Ordinary 
black in cats is recessive to the ticking which gives tabby. Such recessive 
black occurs in several other animals, while in some there is a black 
which is dominant to agouti. In the rabbit both dominant and recessive 
black are known (Punnett, 1912) and there is good reason to believe 
that a dominant black exists in cats also. We have not yet had an op¬ 
portunity of testing the matter, but from Tjebbes’ (1924) work on 
Siamese cats it seems almost certain that such a dominant black does 
exist. He crossed a Siamese female with a tabby male and got all blacks 
in the F-^ generation, and these crossed amongst themselves gave some 
tabbies in the F^ generation. This F^ black is clearly not the black of 
ordinary cats, for that is recessive to tabby. Nothing is known of this 
dominant black, nor of its place in the general scheme of inheritance of 
coat-colour in cats^, but its existence seems fairly certain and it is necessary, 
therefore, to consider the possibility that this is the black which shows 
up in yellow cats. If this should prove to be the case, then the scattered 
black hairs would not necessarily have any bearing on the problem of 
sex-linkage of ordinary black and yellow. But, as already mentioned, 
in four yellow cats examined by us, the black hairs were ticked, 
whereas the dominant black of Tjebbes’ cats did not show ticking. It is, 
therefore, practically certain that these scattered black hairs are not 
dominant black, and, unless some entirely new facts come to light, it is 
reasonable to suppose that they are the same recessive black as that of 
ordinary cats. If this be true, it seems certain that there is no sex- 
difference in dominance between ordinary black and yellow, and it 
follows, therefore, that both colours must be sex-UnJced. 

This stiU leaves three alternatives, namely, that black and yellow 
are a pair of allelomorphs^, or that black is epistatic to yellow, or that 
yellow is epistatic to black. On these points, however, we have no real 
evidence. 

There also arises from our results the larger question of the possi¬ 
bility of the splitting of a factor. Although in the present state of our 

1 Since going to press we have seen a second paper by Tjebbes, 1926, drawing atten¬ 
tion to this dominant black in cats and suggesting a possible connection with the problem 
of the tortoiseshell tom-cat. 

® This involves the whole question of the validity of the Presence-and-Absence theory. 
For a discussion of this subject see Bateson (1926). 
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knowledge we cannot pretend to give an exact sckeme of the relationship 
between black and yellow, it does seem to ns that in any case, onr results 
can best be explained on the supposition of what Bateson (1926) calls the 
“fractionation’’ of a factor. Presumably in one of the gametes which 
went to produce 4 d, something happened which caused a small amount 
of black-spotting to appear in her coat, in spite of the fact that she was 
evidently what is usually understood by a yellow. It may have been 
that the greater part of the factor for black was lost, allowing a hypo¬ 
static yellow to become visible; or it may have been the partial loss of 
the factor for yellow, allowing hypostatic black to appear. In either case, 
partial non-disjunction may have combined with fractionation, causing 
a part of the factor for one colour to adhere to a chromosome which 
would normally have determined the other colour. If black and yellow be 
a pair of allelomorphs such partial non-disjunction is, of course, the only 
one of the above alternatives which could be applied to our results. What¬ 
ever be the exact relationship between black and yellow, however, the fact 
remains that a quantitative difference in one of them has arisen during 
the course of our experiments, m and her son, and has evidently 
arisen also in the past, giving the very small amount of black which is 
found in all homozygous yellow cats. It seems to us that these quantita¬ 
tive differences strongly suggest the sphtting or fractionation of a factor. 

Doubtless many workers would prefer to explain our results by 
linked multiple factors for black, some of which, by crossing-over, 
might come to lie on the same chromosome as the factor for yellow (or 
vice versa). This line of argument easily leads to absurdity in those cases 
where the series of known forms passes from one extreme to the other 
through an unbroken chain of individuals separated from each other 
only by minute quantitative differences of a single character^. Again, 
it might be suggested that the small amount of black in ordinary yellow 
cats and the greater amount in. ^ d and her son are due to restriction 
factors affecting the black, or extension factors affecting the yellow. 
This is a possible explanation of the facts under consideration. Unless, 
however, there is almost perfect linkage between these modifying factors 
and the colour factors^, intermediate grades, such as 4 d and her son, 
showing both black and yellow and yet not breeding as true tortoiseshells, 
should be fairly common, whereas in reality they are extremely rare. 

E.g. A complete series exists between black and dominant white in cats. This subject 
will be discussed in a separate paper. 

^ To suppose almost perfect linkage makes this only a specialised case of multiple 
factors. 
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It seems to us more reasonable to accept “yellow,” 4 d, and black 
as a series of multiple allelomorplis, which are only dilferent degrees 
of a single character, and to suppose that these different degrees have 
arisen hy the splitting of a single factor. The only difficulty in the way of 
such an explanation is the deeply rooted but purely hypothetical con¬ 
ception of an indivisible gene. 


Summary. 

(1) The normal facts of inheritance of black, yellow and tortoiseshell 
can be explained only by supposing either that both colours are sex- 
linked, or that one only is sex-linked and completely dominant to the 
other in the male, incompletely dominant in the female. 

(2) Black hairs have been found in all yellow cats of either sex 
examined by us, and this practically disproves any sex-diiference in the 
dominance of black and yellow. There remains, therefore, as the only 
alternative, the sex-linkage of both colours. 

(3) In the course of our investigations a yellow female appeared, 
showing and transmitting a very small amount of black-spotting which 
did not segregate from the yellow. We subsequently found that all 
yellow cats have a few black hairs. These facts suggest that in the past 
and again during our experiments there has been fractionation of a 
factor. 

(Our thanks are due to the Koyal Society of London for grants which 
have enabled us to carry out the investigations reported in this paper.) 
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CHROMOSOME BEHAVIOUR IH MALE AND 
FEMALE INDIVIDUALS OF VALLISNERIA 
SPIRALIS AND NAJAS MARINA 

By 0. WINGE. 

{Genetic Laboratory of the Royal Veterinary and Agricultural College, 

Cojpenhagen.) 

(With. Two Plates and One Text-figure.) 

The two species of plants mentioned in the title of this paper 
are both distinguished by remarkable cytological features, connected 
with the variation in chromosome equipment, as will appear from the 
following. 

Vallisneria spiralis L. 

I have already shown, in a previous work (1923) that in Melandrium 
album, Eumulus lupulus and H. Ja-ponicus, a pair of sex chromosomes 
was to be found. On reduction division in the pollen mother cells, an 
X-Y pair, with partners of unequal size, was observed. In the case of 
Melandrium, this has since been checked, and the investigation further 
extended, by several other workers. I had also taken up Vallisneria 
spiralis for purposes of similar research, having studied in particular 
the chromosome conditions on division of the primary pollen nucleus, 
which offered clearer views than the reduction division itself. I observed 
in this connection that the pollen contained sometimes 8 chromosomes, 
to wit, 2 long, 2 medium and 4 short; sometimes, in addition to these, 
a peculiar, highly constricted double chromosome, apparently composed 
of 1 long and 1 short. I therefore stated that it must be regarded as 
beyond question that this peculiar double chromosome was a sex chromo¬ 
some, X, found only in half the pollen, and that the sex chromo¬ 
somes in Vallisneria were thus of the Protenor type, the male plant 
having presumably 16 -f- X and the female 16 -f- X -f X in diploid cells. 
In view of the pronounced constriction observed in the supposed sex 
chromosome, I stated at the same time that it might possibly, in somatic 
divisions, be separated up entirely into two distinct chromosomes, so that 
the male plant might be expected to have 18, the female 20 chromosomes. 

It was now desirable to test the correctness of this view, and such 
a test has been made, by C. A. Jorgensen, who has had, inter alia, my 

7-2 
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own preparations to work on, and who has communicated to me the 
results which he describes in the present issue of the Journal of Genetics. 

As it appears from his researches, with root tips of male and female 
plants of Vallisneria spnalis, he found, contrary to what I had expected, 
20 chromosomes in somatic cells in both sexes, and, altogether, entire 
uniformity between the sets of chromosomes in male and female. This 
result necessitated further investigation of my own material, and 
rendered a study of reduction division desirable, for it was beyond all 
question that pollen with 8 chromosomes did occur. The very fact that 

1 always found 8 or 10 (taking the double chromosome as two) and that 
it was thus the presence or absence of the double chromosome which 
determined the difierence between the two types of pollen, was, to my 
mind, a decisive argument in favour of the view that we had here to deal 
vdth a special sex chromosome, composed of a larger and a smaller one. 

Somatic divisions in Vallisneria. Fixed material of root tips gave 
results in accordance with those of Jorgensen. Both male and female 
plants contain 20 chromosomes in somatic cells. Of these I find 6 long, 

2 fairly long, 2 rather short and 10 quite short. For the haploid chromo¬ 
some set in that pollen type, which contained the highest number of 
chromosomes, I gave (1923) 2 long, 2 medium and 4 short, plus the 
double chromosome consisting of 1 long and 1 short. In other words, 
I had formerly found 3 long, 2 medium and 5 short. The two noted as 
medium in 1923 are however, as it now appears, not alike, one being a 
good deal shorter than the other. Apart from this, the somatic cell nuclei 
have proved to contain exactly twice the chromosome set of the 
pollen. PI VII, fig. 1, shows a metaphase in the female plant with 
20 chromosomes, while Pigs. 2, 3 and 4 show precisely similar nuclear 
plates from the root tips of the male plants. 

The presence of 20 chromosomes of the lengths noted in both sexes 
shows, in the first place, that the double chromosome which I regarded 
as a sex chromosome divides into two in the diploid stage, which, as 
mentioned, I had anticipated would be the case. Further, the presence 
of identical sets in male and female disproves the correctness of my 
former view that the double chromosome was a sex chromosome. It 
remains then to ascertain how pollen \vith 8 chromosomes can arise, 
and this we will now proceed to consider. 

Nuclear divisions in pollen mother cells of Vallisneria. I had up to 
now, using Carnoy’s method of fixing, obtained but poor views of the 
reduction division, which I was therefore previously (1923) prevented 
from studying further. With the aid of Navashin’s fixing liquid, which 
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gives a very slight contraction, it has now proved possible to follow the 
progress of reduction division more closely, and thus to find the probable 
explanation of the occurrence of pollen with 8 chromosomes. The prepara¬ 
tions were stained for the most part with iodine-gentian-violet. 

In the material previously investigated (1923) I found, when there 
were 10 chromosomes in the pollen, 2 of them invariably united in the 
oft-mentioned double chromosome. In material subsequently examined, 
however, I find, in agreement with Jorgensen, that they are often 
separate. This peculiar variation in the conditions observed is most 
distinctly paralleled in the case of Najas marina, where again 2 chromo¬ 
somes are sometimes joined together, sometimes found apart, as will 
be seen when we come to deal with this plant. 

Just as the 10 chromosomes in pollen are sometimes all separate, 
sometimes grouped as 8 -f 1 double specimen, so also reduction division 
shows, in some cases 10 gemini, in others 8+1 double one. PL VII, 
figs. 5 and 6, represent heterotypic metaphases with 10 gemini, the first 
viewed from the pole, the other obliquely from above. In fig. 6, one of 
the pairs of chromosomes lies horizontally, and is bent to an angle, the 
others being foreshortened. This horizontal position is presumably due 
to the fact that the spindle threads are attached close to the middle 
of the chromosome in question. PL YII, fig. 7, shows a heterotypic 
metaphase with only 9 units, all of which, in polar view, appear fore¬ 
shortened. A study of the heterotypic division, side-view, also shows 
that there may often, probably in most cases, be 9 units, one of which 
however is of peculiar shape, as if double, and lies as a rule horizontally 
in the nuclear plate. A peculiarity of this double chromosome is the 
fact that it divides later than the rest, and is just undergoing reduction 
division when the other 8 have already reached the poles. PL YII, 
fig. 8, shows a heterotypic metaphase in side-view, with a double chromo¬ 
some lying at right angles to the nuclear spindle. PL YII, fig. 9, shows 
this double chromosome at the stage of incipient fission. It will be 
noticed that the linin filaments are not attached in the middle of the 
chromosome, but nearer one end than the other, so that, as the division 
proceeds, two arms of unequal length appear on the chromosome pair. 
PL VII, fig. 10, shows the same remarkable element together with 
8 others, all single. The appearance of the anaphase vdll be seen from 
PL YII, fig. 11, where 8 chromosomes are shown lying freely at either 
pole, while the delayed double chromosome pair is stiU in process of 
reduction. It is here very clearly apparent that two spindle filaments 
are attached to this element. The telophase is shown in PL VII, fig. 12, 
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where the double chromosome pair is still situate apart from the 8 others, 
the latter having long since reached the poles. 

The reduction division, at any rate in my material, is thus charac¬ 
terised by the fact that we find in most cases a double chromosome pair 
with retarded division; and there can be little doubt but that this answers 
to the double chromosome observed in the pollen itself. My view of the 
course of reduction division as far as the double chromosome is con¬ 
cerned will be seen from the schematic series in PL VII, fig. 13. 

When we remember that this remarhable body is very much behind¬ 
hand in the heterotypic division, it is not surprising that we should often 
find pollen which has lost the double chromosome altogether, as for 
instance when the daughter nuclei round ofi before this element has had 
time to reach the poles. This, I think, explains why, in my previous 
investigations, I found sometimes 8, sometimes 10 chromosomes, but 
not 9 on division of the primary pollen nucleus. This gives rise to the 
two types of pollen, though it has nothing whatever to do with sex 
determination, 

iUtogether, reduction division in Vallisneria appears to proceed 
somewhat uncertainly; and not infrequently, vagabond chromosomes 
are discovered in an extra-nuclear situation in the cytoplasm. It is 
extremely probable, then, that pollen with 8 chromosomes is quite 
incapable of functioning at all. 

hTajas marina L. 

The chromosome conditions of this plant have been investigated 
several times already (Guignard, 1899 a, b; Muller, 1912; Tschernoyarow, 
1914), but nothing has been observed which could suggest the presence 
of a morphologically demonstrable pair of sex chromosomes, despite 
the dioecia. We do find, however, cytological conditions resembling 
those noted in the case of Vallisneria, the stock of chromosomes being 
subject to considerable variation, as will be seen in the following. 

Guignard (1899 a, b) found, on reduction division in pollen mother 
cells, 6 gemini, but mentions having occasionally met with 7 (1899 &). 
He fixes the diploid number at 12, some being twice as large as the 
others. 

Muller, I.C., whose material was obtained from Moselle finds 2n = 14, 
and thinks that Guignard’s 12 must be due to working with too low 
powers of magnification. This explanation seems unlikely, inasmuch as 
the chromosomes in Najas are of such an extraordinary size that they 
can be studied even when but very slightly magnified. He states that 
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lie lias found four different sizes in these 7 pairs of chromosomes, viz. 
about 14, 8-9, 4 and 1-5/x. 

From his description and his Figs. 23 and 24 it appears that these 
7 pairs vary according to size and shape as follows: 1 pair very 
long, V-shaped (14p); 3 pairs of medium length with hooked points 
(8-9/i), 2 pairs rather short, slightly curved (4/i), one of which is 
drawn as a little longer than the other—and finally, 1 pair quite short 
(l-Sp). The last pair can be attached by a delicate filament to the ends 
of one of the medium-sized pairs (Muller’s Fig. 22), but the writer himself 
regards this as accidental. 

Tschernoyarow (Lc.) whose Pig. 1 is here reproduced (PL VIII, fig. 14) 
agrees in the main with Muller, but always sees the smallest pair attached 
to the end of one of the medium-sized pairs as satellite chromosomes, 
and gives the following further characterisation: 

1 pair very long, V-shaped, with arms of equal length connected 
by a kind of joint {aa in Text-fig. 1, upper row); 

3 pairs of medium length, viz.: 

1 pair (6) to which the smallest pair (the satellites) are attached, 
1 pair (d) with a slight constriction in the proximal part (seen 
from the centre of the nuclear plate), 

1 pair (e) with hooked curvature at the proximal end; 

2 pairs of smaller ones, viz.: 

1 pair (/) with constriction below the middle, 

1 pair (y-j^) a little smaller, with two constrictions, and thus 
as it were three-jointed; 

1 pair (c) quite small, being the satellites attached to the pair, 6, 
of medium size. 

The only demonstrable difference, then, between Muller’s and 
Tschemoyarow’s description of the chromosomes in Najas is, that the 
latter constantly, the former only “accidentally,” finds the shortest 
chromosomes attached to a pair of medium size. 

Despite the diploid figure 14, Tschernoyarow nevertheless always 
found but 6 gemini in the heterotypic division, and he concludes from 
this that the smallest pair of chromosomes really is joined with the pair 
to which it appears attached as satellites in somatic cells. We have thus 
here again precisely the same variation as that just noted in the case of 
ValUsneria, where an entirely similar pair of satellite chromosomes, as 
we have shown, is found, sometimes associated with a larger pair, some¬ 
times isolated in somatic cells. There is further correspondence in the 
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fact tliat Guignard occasionally found 7 gemini, albeit 6 was tbe rule, 
in tbe pollen motber cells, and tbat I bave found sometimes 10, some¬ 
times 9 gemini in Vallisneria. Botb these observations are undoubtedly 
correlated to tbe fact tbat tbe pair of satellite cbromosomes is sometimes 
isolated, sometimes associated with another pair. 

I bave, however, in my own researches with Najas marina, found 
chromosome features which do not by any means agree with previous 
observations for this plant, and which show, firstly that the chromo¬ 
some equipment may be different from that already mentioned, and 
further, that my material has sometimes 12, sometimes 14 in somatic 
cells, according to whether two pairs of chromosomes are united or not. 
Despite a certain agreement in principle, viz. as regards the variation 
in the chromosome number, there are nevertheless conspicuous differences 
as regards the size and structure of the individual chromosomes them¬ 
selves. 

The plants on which my investigations were based were collected at 
Koge, on the island of Sealand, one of the two localities in Denmark 
where the species is found. The material examined consisted partly of 
root tips, of male and female plants, and partly of pollen mother cells 
in reduction division. 

Somatic divisions in Najas. The chromosomes in my material, though 
resembling, to a superficial view, those previously found, exhibit never¬ 
theless conspicuous and essential differences (PI. VIII, figs. 15-23). I find, 
in both male and female plants; 

5 pairs {a-f, Text-fig. 1, lower row) of long chromosomes, all with 
more or less pronounced constriction and curvature at the proximal 
end (towards the middle of the nuclear plate). Some of these have 
also a constriction above that already noted. The length is not 
entirely uniform throughout, but accurate subdivision according 
to length is out of the question. 

1 pair (g) of short chromosomes, the size of these amounting to only 
about one-fourth that of the long ones. 

1 pair [h) very short, even smaller than the last mentioned, with 
which they are often connected, the whole then resembling one 
constricted chromosome. 

It is clear from the foregoing that the diploid nuclear plates will 
exhibit 12 or 14 chromosomes, according as the two smallest pairs of 
chromosomes are connected or not; and these different chromosome 
numbers appear very distinctly even in one and the same root tip, and 
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in both, male and female plants. PL VIII, figs. 15-18, show a series, from 
altogether united to altogether isolated minor chromosomes in the male 
plant. PI. VIII, figs. 19-23, gives a corresponding series for the female. 

The V-shaped pair of chromosomes described by previous writers is 
not found in my material. But it seems evident to me, and plainly 
visible in Tschernoyarow’s figure (here reproduced as PL VIII, fig. 14) 
that the chromosomes which constitute this pair are themselves com¬ 
posed of two long chromosomes, which would sufiiciently explain the 
V-shape. And I would call to mind, in this connection, the difference 
found, for instance, betvreen the A-chromosomes of Drosophila melano- 
gaster and D. obscum. But in other respects also it is obvious that my 
material differs from that previously described, though I find it hard to 



Fig. 1. Showing the probable homology between the chromosome equipment of the tAvo 
types of Najas marina L. ..4. The type of Giiignard, Muller and TschernoyaroAv. 
B. The new type. 

see how the one type can be derived from the other. What seems to me 
most likely is, that: (1) Muller’s and Tschernoyarow’s type, which w^e will 
call A, differs from mine, B, in that one of B’s long chromosome pairs 
appears in duplicate in A, thus producing the peculiar V-shaped chromo¬ 
some (see Text-fig. 1); (2) the satellites in the A type are, in B, always 
completely united with the pair of chromosomes to which the satellites 
belong, so that only a constriction remains; (3) the smallest (save for 
the satellites) constricted pair of chromosomes in A is in S sometimes 
divided into two, sometimes a unit. 

Considering the size and shape of the chromosomes in the two types, 
this seems to me the most reasonable explanation, though it is here put 
forward only as a working hypothesis for future research. Judging from 
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the eytological picture presented, the type I have investigated would 
really be regarded as specifically distinct from the others. 

Vivisions in the pollen mother cells of Najas marina. Like Tscher- 
noyarow, I have always found but 6 gemini in the heterotypic division 
in pollen mother cells, as shown in PL VIII, figs. 24 and 25, representing 
early and late anaphase respective^. Ihe smallest chromosome is as a 
rule easily distinguishable from the rest, but not always. The spindle 
filaments are attached subterminally, which is particularly apparent in 
the telophase (PL VIII, fig. 26) where the ends of the chromosomes 
nearest the poles are bent over, approximately as in somatic nuclear 
plates. 

The homotypic division is rather difficult to view as a whole, owing 
to the fact that the chromosomes here lie close together, and are un¬ 
usually long. 

Summary. 

The fact that Vallisneria spiralis poUen, as I have previously pointed 
out (l.c.) contains sometimes 8, sometimes 10 chromosomes {i.e. 8 + 1 
double) is not, as I had supposed, a feature connected with the sex 
determination; both Jorgensen {l.c.) and I have found the same chromo¬ 
some equipment (20 chromosomes) in the somatic nuclear plates of male 
and female plants. The appearance of 8 or 10 chromosomes is due to the 
fact that the double chromosome, at any rate in my material, is lagging 
behind the others at the reduction division and may quite frequently 
altogether fail to enter into the cell nuclei of the pollen, which will then 
have but 8 chromosomes. Such pollen must be regarded as incapable 
of functioning at all. 

The double chromosome in question appears on reduction division 
in pollen mother cells sometimes as a single element, sometimes as two 
separate ones, so that sometimes 9, sometimes 10 gemini can be observed. 

In Najas marina we similarly find, in somatic cells, sometimes 12, 
sometimes 14 chromosomes, as here also one pair of chromosomes may 
occasionally be united with another, thus reducing the number to 12. 
On reduction division, we find here as a rule only 6 gemini; Guignard, 
however (l.c.), has occasionally found 7. No difierence in chromosome 
equipment of male and female plants could be found. 

The Najas marina type investigated by me difiers in regard to 
individual shape and size of the chromosomes from those previously 
investigated, and this to a conspicuous degree. 
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EXPLANATION OF PLATES VII AND VIII. 

All tlgures are drawn with aid of camera lucida. Magnification about 2000. 

Plate VII. 

Vallis77eria spiralis L. 

Pigs. 1. Somatic metaphase from root tip of a female plant 

Fig.s. 2, 3, 4. The same from male plants. 

Pigs. ,5-12. Heterotypic plates from pollen mother cells. 

Pig. 5. Metaphase with 10 gemini, iiolar view. 

Pig. 6. Metaphase with 10 gemini, obliquely from above. 

Pig. 7. Metaphase with 9 gemini, polar view. 

Pig. 8. Metaphase. The double chromosome (black) lying at right angles to the nuclear 
.spindle. Not all chromosomes are figured. Side-mew. 

Pigs. 9, 10. Metaphases with 9 chromosome pairs, one of which (at left), is double. 

Pigs. ] 1, 12. Late anaphase and telophase respectively, with 9 chromosome pairs, one of 
which (black) is double and lagging behind. 

Fig. 13. Schematic aeries of the reduction division of the double cliroinosonie 

Plate VIH. 

Najoct niarbia L. 

Fig. 14. Copy of Tschernoyarow’s Fig. 1, of a somatic plate from a female plant, polar 
view. 

Pigs. 1,5-23. Somatic metaphases from root tips, all in polar view\ Pigs. 15—18 from male 
plants; figs. 19-23 from female plants. The two smallest chromosomes (given in 
black) are more or less united or entirely separate. Hence the diploid chromosome 
number is varying from 12 to 14, 

Pig. 24. Heterotypic metaphase from pollen mother cell, with 6 p,airs of chromosomes. 
The small one in the middle (black) is the double cliroinosome. 

Fig. 25. Heterotypic anaphase from a pollen mother cell, side-view. The small (double) 
chromosome visible at both poles. ■ 

Pig. 26. Homotypie ana-telophase from pollen mother cell, side-view. The short (double) 
chromosome (black) visible at both poles. One of the long chromosomes at the upper 
pole (black) has been cut through. 
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Introduction. 

The cross- and self-compatibility of most natural groups of plants 
have always excited considerable interest, principally, however, because 
of their bearing on phylogenetic relationships. The present study deals 
with the question of fertility in the genus Brassica from the point of 
view of economic plant breeding and seed production. 

The genus is of considerable importance commercially and possesses 
great potentialities for the practical plant breeder. In planning any 
extended scheme of constructive plant breeding it is helpful to know what 
is crossable and what is not. In commercial seed production, especially 
in a country such as this, where the industry is extremely localised, it 
is essential to know the degree of crossing wliich may take place in the 
field, because this ultimately controls the spacial isolation of crops. 
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1X0 Fertility in the Genus Brassica 

WitMn the genus Brassica (including Sinapis) there is a large number 
of cultivated species, each embracing many highly vspecialised varieties. 
These varieties have to be grown, flowered and harvested in a high state 
of genetic purity for certain definite significant characters. To the grower 
who would produce “pure” seed of as many Brassica types as possible 
on a limited area, and to the plant breeder working on the genus, the 
questions of “crossability” and “ self-fertility ” are therefore of prime 
importance. 

The amount of crossing which takes place in the field in a given time 
equals PC, where P is the foreign pollen incident on the aggregate 
stigmatic surface of the crop in question, and C a constant applicable 
to any two crops involved. 

It is dif&cult to determine a value for P, though not impossible. It 
depends on a large number of variables, such as the size of the crops 
involved, the incidence of a significant insect population, the general 
direction of the wind in relation to the crops at the time of flowering, etc. 
Clearly, C can never be greater than unity, and, when it reaches this, 
the amount of rogues produced will be subject only to the factor P. 
In cases when the value of C has been found to be at the maximum the 
most important step is to decide the minimal spacial relationship whiclr 
will render P equal to zero, and so allow genetically pure seed to be 
produced. The step of greatest practical importance, however, is to 
arrive at a value for C, because, obviously, w'here this is definitely zero, 
practical difficulties regarding spacial isolation of the crops vanish. 

It may be noted here that the importance of self-sterility lies in the 
fact that pollen from a source external to the plant must be brought in. 
Thus, in the event of out-varietal pollen being incident on any plant, 
the chances- of cross-fertilisation are controlled by the degree of com¬ 
patibility of the cross. In wheat, wliich, normally, in this country, only 
very rarely crosses, Watldns( 30 ), found that certain more or less self- 
sterile hybrids crossed freely in the field. In self-compatible plants 
there may be a bias against crossing due simply to the home pollen 
being completely effective. It is seen, then, that C, for any one variety 
in relation to another, is not simply the degree of cross-compatibility 
which may exist between the two, but is the resultant of their cross¬ 
compatibility with the self-compatibility of the one in question. 

The most obvious method of estimating crossing would appear to be 
to grow plants of the various forms in various spacial relationships and 
get a result by counting the aberrant types in the progeny. This method 
suflers from a number of disadvantages. In the first place, all the 
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variables included under P are operative. Secondly, results from the 
precise study of the heredity of Brassica have only lately begun to appear, 
and, as much of the available commercial material seems to be somewhat 
unstable, and probably not of high genetic purity apart from the signifi¬ 
cant commercial characters of the variety, the variations observed might 
give quite misleading results. In the producing areas under the local 
conditions to which the results must apply the promiscuous j^lanting of 
Brassicas is not desirable. The methods reported here are much more 
laborious, but it is hoped will eventually give precise results, and when 
coupled with studies of natural pollination factors will yield accurate 
data for field isolation. 


Selfing. 

For the selling and all other work requiring isolation, ‘‘Glassene” 
paper blossom bags made under the personal supervision of the writer 
were employed. They were thus always of ample size and suitable shape. 
It is noteworthy that the self-sterile types wliich did not set a single 
seed when selfed under one of these bags set ample seed under an 
exactly similar bag when impregnated with pollen from a compatible 
fellow, the two lots of flowers blooming simultaneously. 

A number of questions all more or less related to each other and 
to the evaluation of the constant Q were involved in the selling work. 
Firstly, it was required to know how far the plant’s own pollen was 
effective when a sufficiency was available to the stigma. Secondly, there 
is a current belief that all the pollen available on the plant at a given time 
is not equally effective for fertilisation. That is to say, pollen brought 
from one flower to another on the same plant is supposed to be more 
effective than pollen simply transferred from the flower’s stamens to 
its own stigma. Darwin (S), however, showed that in IpoMOBci jju)piu ea, 
in one sense at least, the converse is true, strict self-fertilisation (flou er 
to itself) resulting in more vigorous progeny than by the mating of flowers 
on the same plant. Darwin did not note the fertilisation itself, he noted 
the vigour of the resulting progeny, though, as will be indicated later, 
there seems to be some relationship between \agour of fertility and the 
vigour of the resulting progeny. Price (24), when discus.sing a cabbage 
hybrid, says, “Attempts to self-pollinise individual flowers resulted in 
failure. It was also found practically impossible to secure seed by crossing 

different flowers on the same plant.” 

A comparison of the two degrees of poUination from the point of view 
of seed production was embarked upon. This is not so much a study of 

8-2 
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poUination as a study of polleu conditions and relationstiip to the 
stigma. Tlirough. all these selling experiments “Method 1” refers to the 
hand selling of the individual flowers of a whole spike under a hag, no 
attempt being made to protect the flowers one from the other, though, 
of course, all natural aids to pollination were ruled out. “Method 2” 
refers to the hand transference of pollen from one flower to the stigma 
of another on the same spike under a bag^, no eflort being made to 
prevent the flowers selfing provided they could. The hand transference 
of pollen in practice takes a considerable amount of time, and in routine 
work introduces the possibility of error due to contamination. To find 
out if this could be eliminated a third method was introduced. “Method 3 ” 
refers to a whole spike being simply enclosed in a bag, securely fastened, 
and never removed until all the flowers had fallen. Every plant was noted 
by all three methods, the three tests on each plant running concurrently. 

Method 1 ensured to each flower on a protected spike a supply 
of its own pollen. Method 2 ensured to every flower on a protected spike 
a supply of pollen from at least one other flower on the same spike, while 
Method 3 left the flowers on a bagged spike without aid from any pol¬ 
linating agent, natural or artificial, apart from the shaking of the plant 
as a whole in the wind. 

In Table I are given the results of selfing the parental types. The 
number of flowers protected is the denominator, and the number of 
pods produced the numerator of a “fraction,” while the number of these 
pods containing seed and the average amount of seed per pod are given 
in separate columns, 

TABLE I. 

Hesidts of selfing gjarental types. 




Pods set 

Pods 

No. of seeds 


ICind and year 

Method* 

flowers bagged 

with seed 

per pod 

Remarks 

Cabbage 1924. 

1 

7 0 

No seed.s 

_ 

Another plant of 

var. Early 

2 




‘same var. gave a 

Enfield Market 

3 


SJ 


similar result 

Cabbage 1925. 

2 

1 7 C 

No seeds 



Scotch York 






Chbbage 1925. 

2 

TOO 

12 

1-2 

The seeds were all 

Drumhead 





at the distal end 



* See text. 


of the pods 


^ Pollen was transferred with sterile forceps, a whole burst stamen being grasped and 
used to touch the desbed stigma. Poreeps were wiped when changing from method to 
method and sterilised with spirit when passing from jdant to plant. 
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TABLE I (continued). 





Pods set 

Pods No. of seeds 

Kind and year Method* 

fiowers bagged 

with seed 

per pod 

Remarks 

Cabbage 1926. 

2 

See special note 




Daniels’ 

Defiance 






Borecole 1924 

1 


No seeds 




9 

a ti 







99 




a 


99 



Savoy 1924 

1 

2 

a 5 

4 7' 

7^ 

No seeds 



Savoy 1925 

3 

1 

1 5 s 

:?_<) 

No seeds 


Clone from the 

2 

3 

1 « 



1924 plant 

Brussels sprout 

1 


No seeds 



1924. var. 

2 

:» l 

4 0 




Solidity 

3 

1 4 0 

1'&'4 

99 



Kohl rabi 1924. 

1 

ti 'ii 

AU 

22 

Under Method 3 

Green-top 

2 

SO 

'S''I 

99 


the fertile pods 


3 


22 

22 

were situate on 
the lower portion 
of the spike 

Kohl rabi 1925 

1 

iV;i 

20 

22 

Clones from the 


2 

111 

TTT 

30 

22 

1924 ifiant, i.e. 


3 

1 5 li 

15i2 

10 

6-12 

3rd year 

Broccoli 1924. 

1 

Every pod set 

No seed 

— 

Accurate coimts 

White heading 

2 

3 

» 

99 


not made 

Broccoli 1925. 

1 

i 11 

114 

32 

5 

An unprotected 

White sprouting 

2 

4 7 

iwr 

36 

5 

spUie set 35 pods 


3 

20 

So 

22 

5 

from 98 flowers 

Broccoli 1924. 

1 

:}0 

30 

22 

— 

Purple 

2 

4 .•> 

TTy 

4o 

22 


sprouting 

3 

1 10 

so 

22 


Swede 1924. 

1 


52 

IS 

Plant grown as 

'‘Mervue” 

2 

4_1 

41 

IS 

aimual 


3 

5 S 
!»2 

58 

Variable 


Turnip 1924. 

1 


24 

16 

Plant growm as 

Greystone 

2 

^'O 

28 

16 

annual 


3 

0 

120 

— 

— 

— 

Turnip 1925 

1 

o rt 

4S 

33 

17 

Plants growm as 

2 

0 

4 

17 

annuals from the 


3 

7 8 

2 

3 

seHed seed saved 






in 1924 

Rape 1925 

1 

3 0 

0 6 

33 

7-S 

Plants grown as 

2 

2 4 

19 

7-8 

hieimials 


3 

ai 

tTT? 

20 

5-6 


Mustard. Brown 

— 

Both the mustards proved to be fullj- fertile by aU three 

and white 



methods 



* See text. 
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All tlie “cole” types (forms of Brassica oleracea) were grown in 
tlie familiar way—as biennials; tbe tiirnip, swede and mustards as 
annuals. An exception to this rule was a certain number of cabbages 
wliicb flowered in 1926 and are, later, specially mentioned. On systematic 
grounds at least, there may be taken to be three broad groups within 
the genus. 

Firstly, there is the cole group which includes the cabbages, savoys, 
brussels sprouts, broccolis, kohl rabi, etc.; secondly, the turnip, swede, 
rape group; and thirdly, the mustards. 

From the point of view of compatibility simply, the cole group 
would seem to comprise two sections, the first of these, including cabbage, 
savoy, borecole, brussels sprouts, and white heading broccoli, being 
totally self-sterile. The second section, containing kohl rabi and the 
sprouting broccolis, is more or less self-fertile. These data apply to plants 
grown as biennials, the case of cabbage plants grown as annuals being 
dealt with later. 

y' A distinction drawn by Kraus and Kraybill (2i), and East and Park (n), 

' must be referred to here; that is, between fruitfulness and fertility. 
Plants producing fruit but no viable seeds are fruitful but sterile; only 
when seeds are produced are the plants regarded as fertile. Many of 
the self-sterile plants examined in these studies were highly fruitful, 
the fruits being here referred to as “false pods.” Those pods are quite 
as large as the normal fully fertile pod, only that they are not plumped 
out with seed. Emasculated protected fl.ow’-ers produce only very small 
* shrunken pods or none. Focke(i3), and Herbert (16), both stress the 
multiple and distinct functions of pollen, fertilisation of the ovum and 
stimulation of the fruit. 

The members of the second section of the cole group comprising 
kohl rabi and the sprouting broccolis are self-fertile, though their fertility 
may be very low. That heading broccoh is sterile while sprouting broccoli 
is fertile is wmrthy of note. In the case of kohl rabi, “crossing” 
two flowers on the one spike would appear to have been rather more 
effective than simply selfing the individual flowers. This is probably due 
to differences in the relative maturity of pollen and stigmas; many 
varieties in the general cole group are known to be protogynous. In the 
case of the broccolis no definite difference is apparent between the 
different methods, the highest number of seeds being produced by the 
untouched bagged spike of purple sprouting broccoli, while the lowest 
figure is shown by the spike of white sprouting broccoli left unprotected 
and open to the action of all the natural pollinating agents! This plant 
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was fairly well isolated from tlie other Brassica plants by iutervening 
rows of sweet peas. The case of the cabbage investigated in 1926 requires 
somewhat extended description. The plants used were members of an 
ordinary crop grown for seed—var. “Daniels’ Defiance.” Sown in April, 
1925, and planted out during the following July, flowering commenced 
in May of 1926, i.e. some thirteen months after sowing. The whole area 
was planted from the same stock seed and all the plants were treated 
alike. In the field two groups of plants were used. The first group, made 
up of eight plants, was situated on well-drained soil at the crest of a 
small knoll. The second group, of five plants, was on the lower portion 
of the slope. Another plant with white flowers growing in close proximity 
to the second group was, like all the plants in both groups, selfed by 
Method 2. The season generally was rather wet, and a common complaint 
amongst growers was, that seed crops “kept growing” and seemed loth 
to “pod up.” It is probable that Group 2 received rather more moisture 
than Group 1. It was noticed that a larger proportion of plants round 
Group 2 failed to shoot than was observed round Group 1. As a general 
rule a variable number of plants in all annual grown crops of cabbage 
fail to shoot. This in itself might be regarded as a form of sterility, or, 
at least, retardation of the reproductive phase. After selfing (Method 2) 
the following results were obtained: 



Pods set 

Pods witli 

No. of 

Plant no. 

flowers bagged 

seed 

seeds per pod 

Group 1. 

Dry area 



1 

■j. >.) 

SI 

10 

1-0 

2 

•J T . 
o'U 

22 

2-22 

3 

■ *2 ‘ ) 
i) 

20 

2-22 

i 


11 

2-4 

5 

■10 

4 0 

12 

1—22 

0 

14 

li4“ 

4 

1-3 : 

7 

1 7 

Tif 

15 

2-22 

8 

titr 

5 

1-2 

Group 2. 

Wet area 



9 

1 T 
i! 

4 

1-4 

10 

"ii'iJ 

1 

5 

11 

(i 

40 

1 

4 

12 

12 4 
‘12“ ii" 

3 

1-2 

13 

iiT 

1 

4 

14 

(i II 

TI5 

6 

1-2 White flowered “rogue 


Consideration of the results shows that as regards fruitfulness both 
groups are practically equal, but as regards fertility Group 2 (wetter 
area) is very much lower than Group 1 (drier area). This is in accordance 
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with Kraus and Kraybill who found that abundant moisture induced 
sterility. Further, the results support the general practice of seed growers 
who, as a much applied rule, grow all plants for seed production under 
rather reduced cultural conditions. Thus, crops when grown in pots are 
invariably somewhat pot-bound and kept rather drier than the ordinary 
gardener would hke^. Also, indoor fruit growers, as, for example, tomato 
growers, in many cases tend to keep the plants reduced until fruit sets 
{i.e. until after fertilisation), after which they feed the plants liberally 
in order to produce large juiey fruits. Again, the general practice of 
growing seed crops of many of the biennial vegetables (mangold, swede, 
turnip, cabbage, etc.) as annuals would seem to have more than a purely 
economic aspect^, in that this too is only another method of reducing 
the vigour of the “vegetative phase” with, probably, increased fertility. 
It is to be noticed that functioning gametes per plant is not the interest 
of the seedsman so much as functioning gametes per unit of area, and 
therefore though the “annual” plants may be smaller, their increased 
fertility and greater number per unit of area compensates for their 
reduced size. Annual habit may involve reduction of the flower number 
per plant, a point wdiich requires further research. The important aspect 
from the point of view of these studies, however, is that the value of the 
constant C is considerably altered by comparatively simple variation 
of the environmental conditions such as are commonly adopted in 
practice. 

Turning now to the results given by the turnip, swede, rape group, 
a rather different state of affairs is found. Swede is practically completely 
self-fertile when a sufficiency of pollen is definitely applied to the stigma. 
Turnip proved to be rather less fruitful and therefore rather less fertile 
than swede Rape behaved in much the same way as turnip. The 
question of the low results from Method 3 in this group being evidently 
one of pollination, vdll be discussed separately. The mustards on all 
occasions by all methods proved to be fully self-fertile. 


^ Stout (26) has stated that with Brassica j}e.kineiisis self-compatibility of a plant as 
a whole or a family of plants may be decidedly changed by a cultural treatment which 
reduced vegetative vigour. 

“ By growhig the main bulk of these biemiials as annuals a year is saved; thus laud 
and capital are earlier set free. Stock seed, i.e. seed used to produce the commercial 
crop, is usually borne on specially selected parents fully developed in the usual biennial 
manner. 

® Drummond (10), referring to plants at Gorstorphine (near Edinburgh), in 1923, 
ss-ysj “All the swedes produced plenty of selfed seed, the turnips on the other hand 
proved to be comparatively self-sterile.” 
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Cross-compatibility. 

Tlie question of tlie cross-compatibility of tbe Brassicae bas received 
inucb attention in the past. In the earlier experiments the forms were 
simply planted together and natural pollinating agents allowed to 
operate, data regarding the crossabihty of the types being deduced from 
the character of the resulting progeny. Little or nothing was known, 
however, regarding the genetics of the parents. The value of this type 
of evidence is doubtful, but may be used when the facts are positive. 

Concerning first the cole group. Darwin (S), planted a white kohl ’ 
rabi, a purple kohl rabi, a Portsmouth broccoli, a brassels sprout and a 
sugar-loaf cabbage near together and left them uncovered. Seeds from 
each kind were sown in five separate beds. The majority of the seedlings 
in all the beds were mongrehsed in the most complicated manner, some 
taking after one variety and some after another. The effects of the kohl ■ 
rabi were particularly plain in the enlarged stems of many of the 
seedlings. 

The same authority planted together two varieties of cabbage with 
purple-green and white-green laciniated leaves. “Of the 325 seedlings 
raised from the purple-green variety, 165 had white-green and 160 
purple-green leaves. Of the 466 seedlings raised from the white-green 
variety, 220 had purple-green and 246 white-green leaves.” The former 
of these two cases cited is not altogether precise, but the second seems 
positive. If the two parent plants were totally self-sterile, as might 
reasonably be expected, and one heterozygous for purple colour, then 
the half and half numbers in each case are explained^. 

Focke(i3) quotes various authors who indicate some considerable'”' 
degree of crossing between the members of the genus. Price (24), under ’ 
strictly controlled conditions, made reciprocal crosses involving heading 
and non-heading cabbage, savoy, cauhflower, brussels sprout and kohl 
rabi. No difficulty seems to have been met vdth in making the crosses. 
Kristofferson ( 22 ) also made many crosses involving the Brassica oleracea - 
(cole) group. Sutton (28) arranged the Brassicae in three groups according 
to their fertihty when crossed. His third group comprising all the coles, 
Sutton concluded, was completely cross-fertile. Herbert (16) crossed turnip 
with swede, using the flower colour of the progeny as an indication of 
what had happened. An anonymous writer in the OardeneBs Chronicle -- 
for 1885, p. 730, reports on a case where contiguous beds of rape and 

1 Kristoff erson (22), and Pease (23), have shown that purple colour in the leaf is based 
on a single Mendelian factor pair and its presence is dominant. 
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turnip flowered at the same time. The seed produced by the turniji, 
when sown, developed into a lot of mongrels with forked roots, double 
- crowns and some rape-like plants. Ashby (i) reports a case of crossing 
between crops of swede and rape under field conditions, the damage 
to the swede stock being assessed at £400. Sutton (28) crossed swede 
with turnip reciprocally under controlled conditions and obtained seed. 
The two aspects of the cross were, however, not the same. When the 
swede was fertilised by the turnip, that is to say, when the swede was 
used as the seed-bearing parent, abundant, plump, black-coated seed 
typical of the swede was obtained. When, however, the turnip was 
fertilised by the swede, i.e. when the turnip was made the seed parent, 
the seed produced was small, shrivelled, and difficult to germinate. 

Sutton surmised that many other crosses involving swede, turnip 
and rape would behave in a similar way. Kajanus(i7) crossed swede 
and turnip reciprocally. 

No case of crossing between the two mustards commonly grown in 
this country, or between them and the other Brassicae, occurs in the 
literature. 

E'ocke{i3) quotes Sageret, who reported a successful cross between 
turnip 9 and cabbage d {Brassica napus L. 9 x 5. oleracea L. d)j and also 
between rape $ and cabbage d {B. mpa L. $ x 5. oleracea L, d)- Focke 
does not seem to be convinced. Baur(3) states that in this way crossing 
radish with cabbage is easy, but that the crossing of cabbage with 
turnip and also the reciprocal has never succeeded in spite of many 
experiments. Karpetchenko (20) found the mating Raphanus sativus L. d 
X Brassica olearacea L. $ to be sterile, while the reciprocal yielded a 
variable which was always sterile. The present writer made all the 
crosses shown in Table II with the attached results. The examples given 
from the cole group support completely the general conclusions of 
Sutton (28) and others, that the members of this whole group are inter- 
fertile. Some indication, however, is made here that there is a variation 
in the degree of fertility between them. 

This variability all centres round what has always been looked 
upon as the stem line of the group—^the cabbage itself. Thus the savoy 
is not so fertile with cabbage pollen as with foreign savoy pollen, while 
the cabbage reacts to savoy equally well as to pollen from another 
cabbage. There seems to be some indication of a diflerence in the 
reciprocal crosses. (Stout (25) has noted that reciprocal crosses between 
pairs of plants may give opposite results.) While purple sprouting 
broccoli is totally fertile with white heading broccoli either way, it is 
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TABLE II. 

Results of crossing types. 

Seed parent Result 

119 

Piemarks 

Savoy 


Cabbage 

Practically com- 

Cabbage is as fertile 

Cabbage 


Savoy 

plete fertility 

with savoy pollen 
as strange cabbage 

Purple sprouting 
broccoli 


Cabbage 

50 Hq of seeds in 

pollen 

Cabbage 

X 

Purple sprouting 

pod. AU pods set 
Rather less fertile 


Brussels sprout 

X 

broccoli 

Cabbage 

Set about 70 % of 


Cabbage 

X 

Brussels sprout 

seed in pods 
Practically complete 

_ 

Borecole 


Cabbage 

fertility 

Complete fertility 

__ 

Cabbage 

x 

Borecole 

99 

— 

Brussels sprout 

X 

Kohl rabi 


— 

Kohl rabi 

X 

Brussels sprout 

99 

— 

Purple sprouting 
broccoli 

X 

Kohl rabi 

99 


Kohl rabi 

X 

Purple sprouting 

99 

— 

White heading 
broccoli 

X 

broccoli 

Purple sprouting 

99 


Purple sprouthig 
broccoli 

X 

broccoli 

White beading 



Swede 

X 

broccoli 

Trunip 

99 

Seeds shrivelled 

Turnip 

X 

Swede 

99 

Seeds plump 

Bap_e_ 

X 

Swede or turnip 

99 

— 

Swede or turnip 

X 

...Rape 


— 

Brown mustard 

X . 

.White mustard 

J\' o seeds, small pods 

The flowers fell early 

White mustard 

, 

Brown mustard 

Neither seeds nor pods „ 

Brown mustard 


Borecole 

No seeds, small pods 

,5 

Borecole 

X-' 

Brown mustard 

Neither seeds nor 

No effect 

White mustard - 

.-X 

Turnip 

pods 

No seeds, smaU pods 

Pods ripened 

Turnip 

X 

White mustard 

quickly 

Neither seeds nor pods — 

White mustard. 

X- 

^ Swede 

No seeds, small 

Pods ripened 

Swede 

X 

White mustard 

pods 

Neither seeds nor 

quickly 

No effect 

White mustard 

_ X- 

Charlock 

pods 

Neither seeds nor pods — 

Charlock 

X 

White mustard 

No seeds, small pods 

— 

Brown or wMte 
mustard 

X 

Swede x turnip 

No effect 

—. 
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only 60 jjer cent, fertile in either direction when crossed with cabbage. 
Again, brussels sprout is completely fertile with kohl rabi, but only 
75 per cent, fertile with cabbage. 

Turning to the turnip, swede, rape group much the same state of 
affairs occurs: differential fertility between different crosses involving 
the same types is found, and the turnip-swede case cited by Sutton is 
noted. The two mustards (brown and white) did not cross with each 
other nor with any other Brassica included in these studies. The physio¬ 
logical result of pollination with mustard pollen on various Brassicas 
such as turnip, will be discussed later. 

The work with Parental Types. 

This part of the work, principally concerned with the chances of 
“rogue” production apart from questions of pollination, has shown 
that in the cole group of the genus there is a section comprising forms 
which, if not always, are nearly always, completely self-sterile when 
grown in the ordinary way as biennials, even though the gametes be 
perfectly \dable in compatible relationships. In these types, then, every 
seed must be of “crossed” origin. Thus, the character of the progeny 
depends in large part on the character of a pollen supply produced 
external to the plant, the chance or ability to self-pollenise which may 
exist being of no account. A plant completely surrounded by plants 
genetically similar to itself and therefore unlikely to receive out-varietal 
but compatible pollen will reproduce its like, but the slightest influx 
of dissimilar pollen must ultimately show in the progeny. The proportion 
and nature of the rogues will of course depend entirely on the amount 
and nature of the foreign pollen incident on the stigma. The example 
of the leaf character in two cabbages already cited from Darwin is 
peculiarly apt in this connection. In the other section of the cole group 
which is more or less self-fertile, though still largely cross-compatible, 
there are greatly reduced chances of natural crossing, because here the 
fertilisation is not wholly dependent on an externally produced pollen 
supply. The relative “fertilising value” of various types of compatible 
pollen as compared mth “home” pollen will require some attention, 
because, as Herbert (lO) observed with Rhododendron and Azalea, two 
compatible pollens may not act with equal rapidity on the same stigma. 

Looking, then, at the genus as a whole it may be said that the 
constant C is highest in relationships involving the completely self- 
sterile, highly cross-compatible section of the cole group, and zero in 
the highly self-fertile, completely cross-incompatible mustards, those 
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forms' showing partial self- or cross-compatibility taldng an intermediate 
position. 

Kesults oe the Various Crosses. 

The next step taken was to test the compatibility of the hybrids 
resulting from the crossing experiments just reported; also to try crosses 
back to parental types, and out to other types in various relationships. 
The simplest procedure will be to discuss briefly each hybrid in turn, 
referring to its self- and cross-compatibility, etc. The estimates of cross¬ 
fertility are necessarily arbitrary, but probably have a useful degree 
of accuracy. All the lots of hybrid seed were sown in early August of 
the year of harvest, and the plants, as soon as fit, planted out in the 
field. During the winter 1924/25 there was a very small death rate, and 
some of the lines flowered as “annuals” in the spring of 1925. All the 
plants were left in the ground, and during the winter of 1925/26 there 
was a rather heavy death rate. All the lines, however, which did not 
flow^er in 1925 surmved and flowered in 1926 with only one exception. 
Hence there is some record either as “annual,” “biennial,” or both 
for every hybrid noted in Table II, with one exception. Selfing was 
done in the manner already described for the parental types. 

Cabbage x savoy. Both aspects of this cross were alike in appearance, 
being “weakly” savoy as reported by Price (24). The Pi w'hich had 
cabbage as the seed parent flowered in its first year (annual) and was 
selfed with the following results: 

Pods set. Pods con- No. of seeds in 

Method Flowers protected taining seed the fertile pods 

1 4 2-8 

2 44 2 2 - 

3 0 — 

The increased pod production following on deliberate polhnation 
similar to that found in the parental types is again to be noted along 
with the practical sterility of the plant. The reverse of this cross did not 
flower as an annual and both hues died out in the second winter. 

Cabbage x purple sprouting broccoli. Both aspects of this cross were 
similar in appearance and had broccoli leafage. There was no sign of a 
“curd,” a normal cole inflorescence being produced in the usual way. 
In the J’l, which did not flower until its second year, the leaves during 
the fijst summer turned over and inwards as if to aflord protection to a 
“curd.” This gave a semblance of “heading.” The sepals of the flower 
were deep purple like those of the broccoli parent. The Pj plants which 
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liad the broccoli as seed parent flowered in tlie first year, persisted, and 
flowered again in the second summer. Those with cabbage as the seed 
parent flowered only in the second year. The results of selfing are as 
follows: 

Pods set. Pods con- No. of seeds in 

Method Flowers protected taining seed the fertile pods 

Cabbage d x purple sprouting broccoli ?, 1st summer (annual) 

1 No seed 

9 4 li 

100 " 

‘1 jy_ 

1 U !) 

Same plant, 2nd summer (biennial) 

1 (Lit 5 1-^ 

2 LLo 4 1-2 

3 If 9 0 

Purple sprouting broccoli (J x cabbage $, 2nd summer (biennial) 

1 -||- No seed 

o i)-o 

f ” 

3 Tfiy ?!> 

The interesting feature is that this is the of the mating of a com¬ 
pletely self-sterile, form with the form which gave the highest figure for 
self-fertility in the parental tests. Crossed with broad-leaved rape the 
hybrid ex cabbage $ produced aborted shrivelled seed when used as 
the'seed parent, but was sterile when used as the pollen parent. 

■ Brussels sprout x cabbage. Reciprocals were alike in appearance, and 
when mature produced an open loose head and open loose sprouts. 
The leafage of the plant was carried up some way on a bare “leggy” 
stem. Neither bloomed in the first year, and neither produced a 
single seed when selfed by the three methods in the second year, though 
every flower protected produced a pod by Method 1, not so many by 
Method 2, and still less by Method 3. 

Crossed with rape this hybrid was quite ineffective as the pollen 
parent, but as a seed parent it produced weak, shrivelled, non-viable 
seed. 

Cabbage x borecole. This hybrid was weakly “heading,” and had 
typical kale leaves. It was the most winter-hardy of the hybrids. Both 
aspects of the cross flowered in their second summer only, and gave 
results very similar to those described for the last cross. They developed 
11 seeds from 315 flowers protected by all methods. Crossed with 
rape it produced aborted, shrivelled seed w^hen used as the seed parent, 
but proved quite sterile when used as the pollen parent. Crossed with 
the four hybrids involving matings of turnip with rape and swede with 
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rape it was sterile every way. The pods produced by the pollen of these 
four hybrids were very similar in size and appearance to those produced 
from protected, emasculated flowers, and flowers from which the stigma 
had been cut off in the bud. These pods are small and very often blue- 
coloured, seldom having the false septum completed, it being usually 
present as two little membranous frills down the inside edge of the pod. 
Thus it may be inferred that these swede (or turnip) x rape hybrids 
are quite without eflect on, cole types, the pollen not even exerting the 
stimulative efiect on the fruit so commonly observed within the genus. 
That this lack of eflect is not due to lack of viability of the various 
gametes is evidenced by the wonderful fertility of both pollen and ovules 
in compatible relationships. 

Brussels sprout x liolil rabi. This hybrid produced much thickened 
stems, and at their apex a large number of buds similar to rather loose 
brussels sprouts. The line with brussels sprout as the pollen parent 
flowered both as an annual and as a biennial; the reciprocal flowered 
only in its first summer. The selling results were as follows: 

Pods set. Pods con- No. of seeds in 
Method Elowers protected taming seed the fertile pods 

Brussels sprout c? x kohl rahi 1st summer (annual) 

1 ## AU 10 

2 U- 20 8 

3 SI 13 2 

Same plant, 2nd year (biennial) 

1 If 0 - 

2 4;f 19 1-12 

3 Id 0 — 

Kohl rabi $ x brussels sprout $, 1st summer (annual) 

1 12 8 

2 id 8 9 

3 tl 15 3-4 

This again is a cross of self-sterile with a self-fertile parent, and two 
points of interest emerge from the results. In their first year both aspects 
of the cross are self-fertile. The plant, w’’hich persisted and flowered in 
its second year, was scarcely fully fertile and the fact that Method 1 
produced no seed may be due to some disturbing factor which entered 
into the result, though none could be accounted for. 

Purple sproutmg broccoli x white heading broccoli. This cross is of 
peculiar interest as it involves what may be looked upon as two distinct 
types of sterility in one parent and a certain degree of fertility in the 
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otTier. White lieading broccoli normally produces many more flower 
primordia tban ever develop; a very large number abort, and are seen, 
wken tbe inflorescence wbicb develops from tbe edible bead extends, as 
small brown withered knobs. Aborted primordia were not observed in 
the purple sprouting parent. Further, the white heading broccoli 
proved to be completely sterile in those flowers which did develop, but 
produced false pods as shown in Table I. Purple sprouting broccoli 
had been found to be comparatively fertile. The hybrid plants were 



Fig. 1. plant of Purple sprouting broccoli x White heading broccoli. 

extremely vigorous, vegetatively, throwing up a large number of side 
shoots and forming a bushy leafy plant as seen in Fig. 1^. Both aspects 
of the cross were identical in appearance. They did not flower in their 
first year, but produced a large number of purple broccoli heads in their 
second summer. A very large number of the flower primordia forming 
these heads aborted in the same way as the white heading parent did. 

The production of many side shoots in greater or lesser degree was characteristic of 
all those cole hybrids. 
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Not only were primordia shed, but buds in practically all stages of 
development were cut off. Tot those buds which developed the following 
results were obtained: 

Pods set. Pods con- No. of seeds in 
Method Eiowers protected taining seed the fertile pods 

Purple sprouting broccoli d ^ white heading broccoli $, 2nd summer 

1 T** 4 1-4 

2 14 1-4 

*> (j 

^ 1 ao — 

White heading broccoli d x purple sprouting broccoli ?, 2nd summer 


This hybrid seems to have received both forms of sterihty "with un¬ 
impaired intensity. 

The turnip-swede-mpe group. All the hybrids of this group sown in 
the autumn flowered during the following spring and summer. Hybrids 
involving turnip and swede, as has been mentioned, differ according 
to the way the cross is made. When turnip is used as the seed parent 
the resulting seed is weak, shrivelled and difficult to germinate. When 
swede is used as the seed parent the seed is plump and germinates 
strongly. Sutton (28), who reported this previously, found, however, that 
there was little or no difference in the hybrid plants once they became 
established. With the present writer, however, the hybrids which had 
had the swede for their seed parent were always rather stronger and 
more vigorous. They, too, produced more root buds^. Both aspects 
were affected by “finger and toe,” the vigorous line producing larger 
“warts” but, when later on towards the end of the flowering period the 
plants were affected by mildew, the weak line was more affected than 
the aspect of the cross which had swede for seed parent (Big. 2 shows 
typical plants). The plants, apart from vigour, were quite similar, and 
might briefly be described a's white fl.eshed swedes with the white 
swedes’ light-yellow-coloured flower, though the typical swede “neck” 
was very slightly developed. When selfed, neither aspect of the cross 
developed a single pod. Left to open pollination, to some extent isolated 
from other Brassicae, a large amount of seed was produced; this has 
been aheady noticed by Kajanusps). It was observed in these studies 
that the line derived from the swede seed parent, though, if anything, 
farther removed from other compatible types, set rather more seed 
than its reciprocal, and it is assumed that some of this seed resulted 

1 Kajanus (17) has discussed these malformations very fully. 

Joum. of Gen. XVIU 


9 
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from plant to plant pollination amongst the hybrids themselves. Various 
back and out crosses were attempted, and, as these later become some¬ 
what involved, they are graphically represented in Figs. 3 to 7. In the 
figures the connecting lines join the forms crossed; the arrows indicate 
the direction the pollen was carried in; and the plus signs are estimates 
of the degree of fertility which obtained. The observations, from their 
very nature, could not be precise, and the difierence between 4- -f + and 
-t- 4- is not insisted on, but it is very probable that the difference 



Fig. 2. Turnip swede hybrids. (021 had turnip as seed parent; C 22 had 
swede as seed parent.) 


between 4-4-4- and 4- is quite significant. Plants of hybrid origin 
are shown as “fractions,’^ the numerator always being the pollen parent. 

Thus indicates a hybrid plant from the mating swede ^ x turnip $. 

These back and out crosses were made to turnip, swede, rape, cabbage, 
mustard and radish. All the back crosses to turnip, swede and rape 
were more or less successful both ways. The out crosses to mustard and 
cole did not succeed in any case. 

Distinct differences in fertility between the back crosses were noted. 
There is good evidence for stating that turnip pollen on the swede d 
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Fig. 3. 



Diagram to illustrate tlie fertility of inter-parental crosses. 


Swede 

Rape 



Fig. 4. Diagram to illustrate the fertility of crosses between hybrids and turnip. 




Turnip 




±^ Rape 
Swede 



Turnip 

Fig. 5. Diagram to illustrate the fertility of crosses between hybrids and swede. 



Fig. 6. Diagram to illustrate the fertility of crosses between hybrids and rape. 



Fig. 7. Diagram to illustrate the crosses between hybrids. 


9-2 
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X turnip $ hybrid is almost sterile; that swede pollen on the same 
hybrid is rather more effective; that turnip pollen on the turnip d 
X swede $ hybrid is at least as effective; while swede pollen with this 
hybrid proved fully effective. The two aspects of the turnip X swede 
mating proved to be weakly fertile when crossed, but in the mating 
(turnip d X swede $) d x (swede d x turnip $) $ the ovules aborted at 
a late stage and were incapable of germination. That is to say, turnip 
in the original cross proved to be a weak or poor seed parent, the progeny 
produced from it being as weak or weaker in a similar capacity, especially 
in response to turnip pollen. How far these differences of vigour in 
this mating are to be related to the mating of $ Brassica oleracea L. 
X d RapJianus sativus L. which as reported by Karpetschenko (20) is fertile 
while its reciprocal is sterile, is difficult to determine. Are they both 
phases of the one underlying cause? Other crosses behaving similarly 
to the cabbage radish mating are known in other genera. Stout (25) 
notes these, and also that many grades exist in the comparative fertility 
of reciprocal crosses. 

Considering crosses involving turnip with rape the mating of rape d 
X turnip $ produced good viable seed; the opposite, however, gave 
weak shrivelled grains. When the plants were produced therefrom, 
there seemed to be a slight difference in vigour between the two aspects 
of the cross. The line having turnip as the seed parent was slightly 
more vigorous than the reciprocal. This is quite opposite to what was 
found in the turnip x swede matings, where the turnip seed parent 
produced weak seed which resulted in weak F^ plants. It was noted, 
however, that all these turnip x rape hybrids were rather less vigorous 
than the pure rape (from the parent selfed) growing alongside. Both 
lots of hybrids produced a small root, only slightly thicker than that 
produced by rape itself. No root buds similar to those seen in the 
turnip X swede hybrids were observed. At flowering time they threw 
up a large number of flowering shoots from the “crown,” producing a 
very bushy plant. A number of plants in all the rape hybrid cultures 
appeared to be affected with a disease somewhat similar in appear¬ 
ance to the “crinkle” which attacks potatoes. The plants used in 
these experiments were, so far as appearance went, normal in this 
respect. 

Selfed, the mating turnip d x rape $ did not produce a single pod by 
any of the three methods. The reciprocal (rape x turnip $) gave the 
following results: 
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Method 

1 

2 

3 


Pods set. 

Flowers protected 

1 7 
jj{7 
4 8 
6 1 
0 

sTJ- 


Pods con¬ 
taining seed 
6 
2 


No. of seeds in 
the fertile pods 
1-2 
1-2 


It is seen, tlien, that when the pollination was precise this aspect of 
the cross was to some extent fertile, and in its behaviour reminiscent 
of the turnip parent. 

Back crossed to the parents and swede ex turnip d x rape $ proved 
to be more or less completely fertile. With rape and swede there was 
some indication that the hybrid was more efiective as a polleniser than 
as a seed parent. With turnip the fertility was rather lower. ex rape d 
X turnip when back crossed, gave similar results. 

Crossing these turnip/rape hybrids with swede/rape hybrids gave in 
the main very poor results, except that the mating of (turnip d x rape $) 
d X (swede d x rape $) $ was highly successful, that is, when all the 
three "‘parental” types were involved and rape was the “common 
parent,” being the seed parent of both of the plants. Burther, it seemed 
clear in these matings of hybrids that turnip d x rape ? was rather 
more successful than its reciprocal. 

In crosses involving swede with rape it was noticed that the first 
parental cross was completely successful either way, both aspects 
producing abundant, plump and easily germinated seed. 

The hybrid plants were in many ways similar to the plants 
from turnip x swede. 

The roots were white fleshed and of fair size. No root buds were 
observed. A main flowering stem grew up and, though branched, there 
was no appearance of the many branches originating at the “crovm,” 
as was seen in the turnip x rape hybrids. The flowers were lemon- 
yellow like the rape parent. The J*! resulting from rape d x swede $ 
was somewhat weakly, due to heart rot. When selfed the two aspects 
gave the following results: 


Pods set. 

Methods Flowers protected 
vSwede d >< rape ? 


Rape d X swede $ 

3 5 

4 II. 

3S 
IS o 
2 S 
tfs 


Pods con¬ 

No. of seeds in 

taining seed 

the fertile pods 

23 

28 

16 

28 

23 

28 

35 

1-12 

27 

1-G 

25 

1-5 


1 

2 

3 
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It may be mentioned in passing tliat Sutton s supposition that these 
hybrids would prove sterile is not well founded. The hybrid from swede 
X rape 5 proved to be fully fertile with swede and turnip, but, curiously, 
rather less so with rape. The reciprocal (rape ^ X swede $) was only fully 
fertile when used as the pollen parent on swede. With turnip it was only 
weakly fertile. The two aspects of the mating when crossed inter se 
were fully fertile. When crossed out to the turnip/rape hybrids the only 
mating which proved fully fertile was, as has been already shown, when 
the rape was the seed parent of both the hybrids mated. 

Discussion. 

It is not proposed at this stage to develop any general discussion on 
fertility, but a few notes peculiar to the special point of view from which 
these studies are written will be ofiered. 

Eeferring first to self-incompatibility, it seems clear that, in all the 
self-incompatible plants discussed, not of immediate hybrid origin, the 
cause of the incompatibility is the well-known inability of the pollen 
tubes to proceed through the stylar tissue. That is to say, the gametes 
'-'"are in all probability quite capable of uniting successfully but they 
never meet, the last stage of the male gametes’ journey being interrupted. 
Whether this inability of the pollen to proceed through the stylar tissue 
is due to the production of an inhibiting substance, or to the non¬ 
production of some stimulating substance, was not decided by Correns (6), 
who discussed the phenomena in Cardamine and found evidence for the 
belief that they have a genetical basis involving a number of factor 
pairs which are transmitted according to a Mendehan scheme. Compton (5), 
who criticises^the work of Correns, found evidence (4) in Reseda odorata 
for a simple scheme of Mendelian inheritance involving one factorial 
pair, self-fertility being dominant to sterility. Crane (7), working with 
plums and cherries, found no evidence to negative the view that self¬ 
sterility is a Mendelian recessive, but it appears that more than one 
factor is involved. East and Park(ii) take the view that self-sterility 
is a condition determined by inheritance, but can be developed to its 
full perfection only in a suitable environment. The environment most 
suited to the development of self-sterility is stated by these workers to 
be one which promotes normal healthy vegetative growth during the 
active part of a flowering period. That self-sterile plants differ in their 
norms for seh-steriHty is also noted by East and Park. East and 
Mangelsdorf ( 12 ), working with species of Nicotiana, give a genetical expla- 
J nation involving three factor pairs for the self-sterility results they report. 
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In tlie results reported liere it is interesting to note that when 
cabbage (totally self-sterile) was crossed with purple sprouting broccoli 
(self-fertile) the was practically completely self-sterile. When, how¬ 
ever, brussels sprout (self-sterile) which produced a completely self-sterile 

with the cabbage just mentioned was crossed with kohl rabi (self- 
fertile), the Fj^ showed practically complete fertility as an annual, and 
only slight fertility in its second summer. What degree of fertility would 
have obtained if the plants had not flowered until their second summer 
with consequent unimpairment of the vigour of the vegetative phase is 
an interesting question. If it be assumed, however, that self-sterility 
is dominant in these coles, that brussels sprout was heterozygous and 
the cabbage homozygous, then a simple Mendelian explanation could 
be offered. The view adopted here, however, is that though self-fertility 
may be conditioned by inheritance, sterility, when it occurs, may, in 
practice, best be controlled by control of the environment rather than 
by the selection of self-fertile individuals. 

The importance of “false podding” or fruitfulness accompanying 
sterility must not be overlooked. For the fruit grower this is obvious, 
but for the seedsman and plant breeder the question arises whether 
false podding may be looked upon as a promise of fertility when con¬ 
ditions are altered. Darwin (9) regarded so slight an effect as accelerated 
flower-fall following on pollination as a case of “incipient fertilisation.” 

The foregoing discussion which applies, as far as this report goes, 
only to parental types and F^^’s within the cole group, does not apply 
to the crosses between species. It is practically certain that in the inter¬ 
specific crosses absence of complete fertility, or the appearance of total 
sterility, has a cytological basis. Karpetschenko (19) has shown that all 
the forms examined by him belonging to the cole group {Brassica 
oleracea L.) have 18 chromosomes: the species to which the present 
writer believes his rape and, possibly, swede to belong {Brassica na'pus L.) 
has 36, while the species to which the turnip belongs {Brassica rapa L.) 
has 20. Brown mustard (B. nigra Koch.) has 16, while white mustard 
{Sinapis alba L.) has 24, The species of Ra'phanus have 18. All these 
numbers refer to the diploid phase. Begarding these results Karpet¬ 
schenko concludes that the data of cytological investigation are also in 
conformity with the results of hybridisation: within the limits of separate 
genera plants having the same number of chromosomes are easily crossed, 
while the crossing of plants with different chromosome numbers is 
difficult. The further hybridisation results reported here agree, in the 
main, with this conclusion. All the coles are easy to cross and form a 
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natural group witMii a large species. The turnip-swede-rape group 
referred to here is not so homogeneous, for, "viewed in the light of 
Karpetschenko’s conclusion, and remembering Bailey’s (2) opinion that 
swede has affinity with rape, the slight but clear difierences between swede 
and rape in relation to turnip require some discussion. The swede and 
the rape probably do not occupy qtdte the same position phylogenetically; 
rather would it appear that rape in some way makes a slight approach 
towards turnip, or, possibly more correctly, the swede has diverged. The 
external appearance of the Essex Broad-leaved Rape used in all these 
studies is very much like a white-fleshed swede which has failed to 
develop a bulb; both have the lemon-yellow turnip-like flower instead 
of the swede bufi-coloured flower. The fact that rape shows some ap¬ 
proach to compatibility with cole might be taken to indicate that it 
is the true Brassica na'pus L., having 36 chromosomes as reported by 
Karpetschenko, rather than swede, because the mating of 18 with 36 
may be possible, and swede shows no indication of compatibility with 
cole, though here a physiological bar may be operating in addition. The 
cytological position in regard to the swede x trunip mating is unsatis¬ 
factory too, and it is likely that the fertility phenomena in connection 
with it reported here have a cytological basis. This supposition is sup¬ 
ported by a parallel case in Triticum, reported by Watkins (29, 30), who 
crossed Triticum turgidum having 14 chromosomes with T. vulgare — 
21 chromosomes^. He noted that all the grains resulting from the cross 
were shrunk and wrinkled, but those obtained when vulgare was the 
female parent were less so than the grains from the reciprocal cross. To 
note that in these Triticum and Brassica crosses, when the parent with 
the largest chromosome number was the female, the resulting seed was 
larger and more plump, is interesting and may be significant. It is 
to be remembered, of course, that the structure involved is a fruit in 
Triticum and a seed in Brassica, 

While the vegetative weakness following on hybridisation in the 
turnip/swede cross, when the turnip was the female parent, may have 
the same cytological basis, the point requires confirmation. This re¬ 
duction of vegetative vigour foUowii^ on reduced fertility vigour and 
vice versa can hardly be related to the decrease in fertility vigour fol¬ 
lowing on decrease of vegetative vigour seen in so many other cases. 
What is implied here by “reduced vegetative vigour” is illustrated in 
PI. IX, figs. 1 and 2, The diflerences between the lots are striking in 
view of the fact that all the plants were sown on the same day and 

^ Haploid numbers. 
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every possible precaution taken that they should all receive the same 
treatment. 

The results of selfing by Method 3 (isolation of the spike from every 
type of pollinating agent) may be briefly mentioned. They are offered 
here simply as an indication of the necessity for deliberate pollination 
in order to obtain selfed seed of certain plants. The low yield of pods 
and, in the case of self-compatible plants, of seeds may be ascribed 
entirely to an insufficiency of pollen reaching the stigma. This inability 
to self-polKnate, which, in many cases, undoubtedly results from spacial 
and time relationships of flowers and flower parts, will be discussed 
elsewhere. 

Summary. 

1. The paper deals with the cross- and self-fertility of certain forms 
of the genus Brassica. 

2. It is shown that rogue” production between two commercial 
crops depends on the amount of pollen of one incident on the aggregate 
stigmatic area of the other and a “constant” applicable to the relation¬ 
ship under consideration. 

3. The “constant” is shown to be the resultant of the self-compati¬ 
bility of the one crop and the cross-compatibility wMch exists between 
the two. 

4. The value of the two components of the “constant” is shown 
to depend upon, and largely to be controlled by, the environment. 

5. Eelationships involving various Brassicae which might lead to 
valuable recombinations are discussed, 

6. Weakened vegetative vigour following on weak fertility vigour 
and vice versa are noted and discussed. 
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EXPLANATION OF PLATE IX. 

Fig. 1. On the right are shown two rows of turnip ^ x (swede ^ x turnip $ ) $ and next 
to them on the left two rows of rape ^ x (swede x turnip $ ) ? - 

Pig. 2. Reading from right to left are shown:—(turnip ^ x swede $) d x rape ? tur¬ 
nip X (turnip ^ x swede $ ) $ (47); (swede d x turnip $) d x turnip $ (48); 
swed^e d x (swede d x turnip $ ) 9 (49); (swede d x turnip 9 ) d x swede 9 (50). 
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INTRODUCTION. 

The following contribution from tlie Anikovo Genetical Station is a 
collective one in whicli the most active part was carried out by students; 
viz. AV. W. Saebarov (in 1923-24), 0. A. Ivanova, L. N. Promptova and 
L. W. Terry (1924). It was only possible to carry out the important 
part of tbis work, i.e. tbe batching and counting of 120,000 flies in 
tbe comparatively short time of July-September 1924, thanks to tbe 
assiduous work of tbe above-named persons. 

We used cultures of Drosophila melanogaster brought to tbe Institute 
of Experimental Biology in 1922 by Prof. H. J. Muller of Texas Univer¬ 
sity. We availed ourselves of bis kind advice in tbe organisation of tbe 
experiment and in tbe working out of tbe plan. In tbe winter of 1923-24 
be also sent us from America a special culture of Drosophila, which 
unfortunately arrived frozen, and a second parcel sent in spring never 
reached us, though we do not know the reason. While regretting our 
double misfortune we wish to avail ourselves of tbis opportunity of 
expressing our gratitude to Prof. Muller, for, thanks to him, Russian 
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scientists aie now able to work with such, an exceptional object as 
Drosophila melanogaster and its 30 best mutations. 

We express our gratitude also to Prof. B. S. Jastrembsky and Prof. 
N. S. Cketverikoff whose advice has greatly helped us in the mathematical 
part of our work. 

In the first part of our paper we shall examine the material used in 
our attempt at measuring the size of the recessive mutation “purple.” 
The second part is devoted to an analysis of the variation and distribu¬ 
tion of the rare cross-over. 

The question of the nature of the gene and of its physical and morpho¬ 
logical qualities is one of the important questions in genetics, but up 
to the present we can give no definite answer to it. We know that the 
gene is more or less definitely localised in a certain chromosome, and 
in a defined part of it, remaining there during the crossing-over, and 
sometimes participating in the duplication or translocation of this 
chromosome. We can consider the gene as a part of a chromosome, and, 
as such, possessing a definite space extension. We can derive the same 
conclusion from the known proportion between the number of genes in 
a given chromosome and the size of the chromosome itself. From the 
repetition of some mutations Morgan and others tried to find out the 
size and number of the genes of Drosophila, and came to the conclusion 
that Drosophila melanogaster has in its haploid set of chromosomes 
possibly about 2000 genes. Owing to the fact that the combined length 
of the four chromosomes is equal to 7-5 p, Morgan defines the size of 
the gene, only approximately of course, as being 0-02-0*06 mikron. But 
the theoretical basis of that calculation proved to be insufficient. Now¬ 
adays we consider that repeated mutations cannot be explained by 
random sampling according to the laws of chance, but that they are called 
forth by a heightened liability in particular parts of a chromosome. The 
1*7 morganid of the sexual chromosome is certainly one of such parts 
where mutations occur exceptionally often. In illustration we may 
mention the fact that the Drosophila brought from America to our 
laboratory gave its first mutation (white) at that part. The Drosophila 
brought from Crimea also gave white eyes as a first mutation; this last 
mutation was not experimentally investigated, the mutant flies having 
perished, but the identity of the genes in all these cases is very probable. 
We may add that the related species of Drosophila also show a similar 
liabihty to mutation at a homologous point on the X-chromosome. 

But if repeated mutations owe their origin to a special liability at 
certain points in the chromosomes we are no more able to judge of the 
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miniber of genes, and consequently the possibility of defining the size 
of each gene by a simple arithmetical process disappears. To determine 
the size of the gene we must look for some other method. 

We can for instance approach the problem of measuring the length 
of genes (in morganids) by the method of comparisons. Thus the American 
genetists have no doubt that “deficiency” can be measured, and Bridges 
has efiected the measurement of Bar deficiency for the first time. De¬ 
ficiency embracing at once an area occupied by several genes (for 
instance Notch) immediately shows its dimension. 

The detailed study of Notch deficiency enabled Mohr to conclude 
that we cannot trace any difference between deficiency and dominant 
mutations. Both are accompanied by a recessive lethal effect of other 
genes. Mohr gave a pretty explanation of the fact, which at first seems 
a little strange, that the dominant character is called forth by the 
falling out (or inactivity) of part of a chromosome. For example, let 
genes A, B, G influence the given character in one direction and genes 
M, N, 0 in the reverse direction. We can then symbolise a certain known 
normal position of a character X by the expression: 

AA BB GC . 

^ MM NNOO . 

Now let one part of a chromosome, containing A, fall out (be inactive), 
transforming itself into a. It is evident that the balance will be disturbed 
and the character X will be changed into X', the “recessive” change 
leading to a dominant effect. This of course can only occur in the case 
where the remaining allelomorph A is unable fully to compensate the 
effect of its inactive partner a. 

Hence we see that dominant mutations can be explained in two 
ways. We can explain them a 'priori as a result of the apparition of a new 
element in the chromosome. Then the dominant mutations will show a 
contrast to the recessive ones in the following order : 

(а) Dominant mutation: the apparition of a new element in the 
chromosome. 

(б) Normal condition: chromosome without change. 

(c) Recessive mutation: some elements disappear in the chromosome. 

{d) Deficiency: some elements disappear in the chromosome. 

From another point of view we may also consider dominant muta¬ 
tions as stronger mutations, but with the same disappearance of elements 
in the chromosome. 

(a) Normal condition: chromosome without change. 
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{h) Recessive mutation: falling out of an element in the chromosome; 
but the remaining allelomorph proves suflS.cient to prevent the external 
manifestation of the mutation (case of complete dominance). 

(c) Strong recessive mutation: falling out of a stronger part, owing 
to which the remaining allelomorph is not capable of fully suppressing 
the manifestation (case of incomplete dominance). 

{d) Dominant mutation: the element of the chromosome which fell 
out is quite insufficient, and the effect of mutation is clearly to be seen. 

(e) Deficiency: the element of chromosome which fell out is still 
larger. 

In Drosophila we have typical recessive mutations imperceptible in 
the heterozygous condition, “strong recessive mutations’’ which are 
perceptible in the heterozygous condition (ebony, black, etc.) and, 
dominant mutations which are mostly so “strong” that they prove in 
the homozygous condition to be quite unfit for life^. 

We consider it probable that each recessive mutation can be con¬ 
sidered as a “little deficiency,” and we are confirmed in our conviction 
by the fact that many of them simultaneously affect two or more 
characters, which are apparently not at all connected one with another, 
e.g. coloration and bristles, wings and eyes, etc.; and we can easily form 
a continuous series beginning with mutations having evidently only one 
symptom and ending with those which, as typical deficiencies, have 
several manifestations. 

But if in principle we admit the absence of difference between 
deficiency and mutations, we must agree that the method often used 
for defining the length of deficiency can be used also to define the length 
of the gene. Hence, by choosing three adjacent genes and by studying 
the crossing-over between the two extreme ones we should be able to 
determine the size of the middle one. Our work represents such an 
attempt. 

Gowen in 1919 definitely formulated this interesting problem. “If 
the gene is not an integral part of the mechanism of heredity, but only 
connected with it, we should not expect its size to affect the crossing-over. 
But if allelomorphs are definite physical granules in the chromosomes, 
and crossing-over occurs as a result of a breaking of the thin twisted 


^ From this arises the question whether there may not exist two types of dominant 
mutation, one with formation of new elements in the chromosome, the other with falling 
out of strong elements. The differences in the viability of different mutations in Drosophila 
seem to suggest it; for some dominant mutations are in the homozygous condition non- 
viable, others quite the contrary. 
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threads, we should expect the substitution of one type of granule for 
another to have a certain influence on the points and number of the 
breakages of the chromosomes; just as the breaking of a metalhc cable 
in a given place will depend upon what kind of metal, whether silver or 
steel, the given point is made of” (216). 

But the facts concerning the influence on the crossing-over of sub¬ 
stitution of some genes by others which were collected by him cannot 
be used by us, because his problem concerned asymmetrical structures 
or the difference between the symmetrical and asymmetrical ones. 
Unfortunately in his Table IX, the most interesting for us, are evidently 
two misprints. According to Table IX, Table X must be read thus: 
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PART I. METHODS AND MATERIAL. 

As mentioned above, the cultures of Drosophila melanogaster brought 
from America by Prof. Muller in 1922 were used as material for our 
investigation. Among other mutations’ he brought “black” (black 
colouring of body), “purple” (purple eyes) and “cinnabar” (cinnabar 
eyes). These three mutations are localised in the middle part of chromo¬ 
some II sufEciently near one another. According to the latest plan of 
this chromosome, as determined by Bridges, black is localised on morganid 
47-5, purple on 53 and cinnabar on 54. Unfortunately we have at our 
disposition no other triplet of good mutations localised so near one 
another. 

The region of chromosome II that we chose proved to be not quite 
satisfactory owing to the great dependence of crossing-over in that 
region upon different internal and external influences; this fact was 
mentioned by Plough in his work on the influence of temperature on 
crossing-over. Later on, during the coirrse of our work, this point of 
view was confirmed by the work of Mavor and by our own investigations. 

But even to-day we have no other chromosomal region which is more 
satisfactory, for the proximity of the genes we are studying is of the 
Joum. of Gen. xviii 10 
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greatest importance. The modification in the size of crossing-over that 
could have occurred during our investigation must have been very small, 
and during the investigation of mutations remotely situated one from 
another ought to have disappeared behind casual variations of crossing- 
over. Thus we see that even Drosophila melanogaster, widely investigated 
as it is, does not give us su£S.cient choice of suitable material for the 
solution of our problem, especially in Russian laboratories. We mention 
this to show that further searches for new mutations in this fly might 
possess great importance for the further investigation of the mechanics 
of inheritance. 

In order to observe the crossing-over between these three mutations 
it was necessary to obtain the hne of “ recessive analysators ” with three 
recessives (black—purple—cinnabar). This was very difficult owing to 
the close proximity of purple and cinnabar, and was only accomplished 
towards spring 1924 (W. W. Sacharov). (1) The line 11 pi. (dumpy, 
black, purple, curved, plexus, spectre), (2) the line black vestigial, and 
(3) the line cinnabar served as the pure lines for its making. 

In the line thus obtained we included also the mutation “dumpy” 
(shortened vdngs) which is localised far from the other three, viz, on 
morganid 9. The role of this mutation was to prove that during the 
investigation there did not occur any unexpected internal or external 
changes that could influence the size of the crossing-over in the whole 
chromosome II. 

So we obtained the line dumpy-black-purple-cinnabar {T^bp^Cn). 
But naturally there arose doubts as to what degree it was possible to 
consider this line “pure,” or absolutely homozygous. Besides visible 
mutations, many mutations are known which are either “on the li mi t 
of perceptibihty ” or quite imperceptible. To the last belongs the large 
category of “intensffiers” that manifest themselves only in the presence 
of the mutation whose effect they strengthen. Thus notwithstanding our 
having a homozygous line in respect of the four mutations mentioned 
there is always a chance that between them are localised some imper- 
ceivable mutations for which this line might be heterozygous. If we 
take flies for the investigation of crossing-over from such a line it is clear 
that these flies may sometimes be homozygous, and at other times 
heterozygous in respect of invisible mutations. In connection with 
the interpretation of crossing-over discussed this circumstance would 
essentially alter the result. 

To avoid this possible source of failure, we obtained a line which 
possessed all the II chromosomes absolutely identical by using the 
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following metkod. We had at oiir disposal the dominant mutation Curly 

(with wings curled upwards) in the line —A—^ which if localised in 

St 0 

the left part of chromosome II closes the crossing-over in the whole 
length of the chromosome. 

In the Curly line, which cannot exist in the homozygous state, another 
dominating gene had been localised in the other second chromosome, 
which is also non-viable in the homozygous state, viz. Star (rough eyes), 
together with mutations dumpy, blacJc and purple. 

The hybrids with I p^ c„ had the structure 


_ 

T^hprCn' 

One of such flies was again recrossed with the Curly line. Since 
homozygous Curly is non-viable the crossing follows this scheme. 


a 


a 


1. 


Gy 

"c:; 

a 


h Cn 


'' S h Pj 

3. 


n 

stH p; 


& Pr C'n 

' Cy Cy 

h Pr C„ 

S THpr ■ 


Thanks to the absence of crossing-over in this cross we get only four 
theoretical combinations, as is shown in the scheme. Since one is non- 
viable there remain only three combinations. Two of them have wings 
turned upwards (Curly), and one differs markedly from the others owing 
to the outwardly visible mutations dumpy, black, purple. The first two 
differ one from another, especially in the colouring of their eyes, which is 
either normal or cinnabar. Choosing flies with cinnabar eyes and wings 
turned upwards we shall have to deal only with the combination 

Cy _^ 

b 2\ c„ ’ 


All these flies have the chromosome dumpy, black, purple, cinnabar 
absolutely identical, or at any rate are derived from one chromosome of 
the mother fly wdthout any change by crossing-over. Owing to the absence 
of crossing-over (closed by Curly gene) we are able to get the following 
segregation by crossing two such flies: 

o ^ Pt Cn 

(' r ’ 

y 


Gy _^ 

Gy c, 

a c 


b Pr Cn ' 


10-2 
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Tlie fourth combination is an ideal-pure line of course only in relation 
to chromosome II. We did not trouble about the purity of the other 
chromosomes, because nothing that we know about the iuhibitory genes 
suggests that the possible presence of an invisible mutation in some other 
chromosome would inhuence the crossing-over between black and 
cinnabar. 

This line of analysators enabled us to find some other useful lines. 
We divided our experiments into four parts. Crossing-over was investi¬ 
gated ; 

(1) In females having the structure , — (we will call this structure 
the PP compound). 

(2) Females of structure — {'pjt compound) in which the normal 

allelomorphs in both II chromosomes were replaced by the recessive 
allelomorphs 'p'p. 

(3) Females of structure v- {P-p compound) in which the females 

^ Vr 

had different chromosomes; from our point of view their length was 
different, the difference being equal to the supposed length of gene P. 

(4) Females of structure - - (cc compound). 

0 Pr 

This last case differs from the preceding one by modifications in the 
structure in the part of cinnabar. 

Our argument was as follows. If the substitution of the normal 
allelomorph by the recessive one shortens the chromosome by the length 
of the gene taken out, then the crossing-over between black and cinnabar 
in the second case (py) compound) will also appear reduced in comparison 
to the first case (PP compound). But this reduction could be also called 
forth by the fact that the physiology of pp flies is a little different from 
that of normal flies, and therefore the crossing-over in these flies might 
be somewhat modified. The cross of the third type (Pp compound) serves 
for further verification. These flies are phenotypically like the PP flies, 
and if modifications in the crossing-over are induced through the influence 
of mutation purple on the physiology of the flies, then the crossing-over 
in PP flies and in Pp flies will be alike, or almost alike (if P does not 
absolutely dominate p). But from our point of view other reactions 
may happen here, for a Pp fly may exhibit asymmetry of structure in 
its II chromosomes, and'crossing-over may in consequence be more 
difficult than in the pp fly. 
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On the other hand, if we regard the conditions of crossing-over in 
flies of class (3) as compared with class (4) and pay attention to the 
crossing-over between black and purple, we shall see that from onr point 
of view the conditions are alike in both cases. Eor the difference between 
cases (3) and (4), namely the substitution of for takes place 
outside the black-purple region. Concerning the general modifications 
in the conditions of the crossing-over with cinnabar flies, we can say that 
in comparison to normal flies the difference between cases (3) and (4) 
is the same as between cases (1) and (2), the probability of modifications 
in the size of crossing-over being equal in both pairs. 

Flies needed for those experiments were obtained by the following 
ways: The experiment began by the crossing of a normal fly with a 
male-analysator, and the hybrids were always crossed with males of 
the pure line of analysators. In the back-cross of hybrid females with 
analysators there arose, thanks to the crossing-over, different new types, 
out of which it was easy to combine females with different structure. 
We never used any other flies for our crossings, and therefore all the 
modifications in the genotype could have happened only from mutations. 

We can state therefore that the material used for our experiments 
was of sufficient purity and uniformity. Our second serious care was for 
the uniformity of environmental conditions. We know that crossing-over 
can be strongly modified according to the conditions. In the first place 
we must mention temperature having, as Plough lias established, a 
great influence on the crossing-over. Therefore we carried out our experi¬ 
ment in a thermostat. Unfortunately the scanty equipment of the 
laboratory of the Anikovo station disturbed our work, especially in July 
when sometimes it was quite impossible to keep the temperature at a 
level of 25°. Nevertheless, we consider that the fluctuation of tempera¬ 
ture which thus occurred had no essential effect on the result of the 
experiment. From Plough’s investigations we know that the curve 
which marks the dependence of crossing-over on the temperature takes 
a characteristic course, modifications of temperature between 17° and 
29° having a very little effect on the crossing-over, only further modifi¬ 
cations of temperature out of these limits producing great changes; 
therefore we chose the temperature of 25° as one in which small modifi¬ 
cations would have the least effect on the. crossing-over. 

It was also necessary to consider the age of the females, for it has 
been established by many investigators that the females’ age affects 
the crossing-over. In order to exclude this cause of variations we have 
put each newly hatched female and male in a test-glass marked “A” 
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and after six days in another marked “B.” On the twelfth day we threw 
ont the female; thus we obtained two batches of eggs laid by her, viz. 
“A” eggs laid during the first six days of her life, and ‘‘B” eggs laid 
during the second period of six days. As will be noticed later in the 
description of our results, the amount of crossing-over in these two 
experiments is so different that we must examine them separately. 

Lastly we directed our attention to the size of the females as a possible 
cause of variations in the crossing-over. During the first days of emer¬ 
gence the newly hatched flies are large, then day by day, they become 
smaller, and in 15-20 days they emerge as dwarfs. Evidently humidity 
here plays the chief role, and the late emerging flies may perhaps be 
regarded as more “concentrated,” which may of course affect the cross¬ 
ing-over. Thus we marked for each female the day of her hatching, 
reckoning from the day when the hatching began in this test-glass. In 
this way we obtained “females of day I,” “females of day II,” etc. 
to “females of XX day.” 

We counted every day in each test-glass the newly hatched flies 
(sometimes twice) during fifteen days, after which we cleaned out this 
test-glass, from fear of contamination by the next generation. Our records 
are represented on Table XIV by four examples. 

TABLE I. 

PP compound, .4 cultures. 


Day of emergence 


Constitution of $$ 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 



'Number) 













of flies, 

■1008 

795 

1052 

488 

872 

496 

596 

541 

161 

373 



-n ) 













% cross-' 

j 










T^b 


over on 
tke 1st 
region J 
% cross-) 

l31'7 

1 

29-2 

26-9 

29-1 

28-8 

27'4 

254 

25-9 

30-4 

22-8 



over on' 
tlie 2n(i 
.region J 

1 7-0 

8-4 

5-4 

5-7 

3-4 

3-6 

44 

2-9 

1-9 

G-4 


r 11 

I 0/ 1 

413 

33-7 

529 

28-2 

538 

24-5 

415 

28-7 

404 

26'0 

382 

27-7 

489 

25-6 

— 

73 

17-8 

— 

b c„ 


jOf ^ 



1 

.%.2 

4-8 

10-0 

6-1 

4-8 

7-4 

o-O 

5-3 

— 

2'7 

— 


1 

r n 

132 

81 

111 

— 

— 

— 

— 

_ 

108 

_ 

h 


%. 1 

32-7 

23-6 

27-0 

— 

— 

.— 

_ 

_ 

34-3 

_ 

0 

1 

1%. 2 

9-1 

3-6 

1-8 

— 

— 

— 

— 

— 

1-8 

— 

qji 

1 

r n 

368 

6-4 

— 

_ 

_ 

_ 

_ 

104 

_ . 


b c„ 

-( 

%. 1 

31-0 

34-4 

— 

— 

— 

_ 

_ 

20-2 

_ 

_ 

1 

fl/o. 2 

6-5 

6-2 

— 

— 

— 

— 

—■ 

12-5 

— 

— 
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TABLE IL 

PP compound, B cultures. 


Bay of emergence 


Constitution of $0 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

1 ( 

n 

658 

634 

1134 

344 

559 

586 

373 

176 

174 

383 

T^b 1 

04 1 

/03 A 

24-5 

24-9 

26-4 

27-3 

22-2 

25-4 

24-1 

21-6 

27-6 

21-4 

.%) 2 

3-3 

3'6 

2-3 

41 

^2-3 

3-6 

2-9 

0-6 

1-1 

3-1 

0 ■ 1 

1 

256 

457 

485 

167 

448 

290 

232 

_ 



2 

Ti hr 1 

%.l 

2S-5 

26-0 

27-2 

270 

29-0 

25-5 

25-9 

_ 

_ _ 

__ 

J 0 I 

1%, 2 

4-3 

4-G 

1-G 

1-8 

3-3 

4-5 

3-9 

— 


-- 

0 Cn ^ 

[ 

57 

75 

76 

— 

129 

_ 

56 

_ 

124 


h ^ 

%. 1 

31-C 

18-7 

34-2 

— 

25-6 

—, 

26-8 

_ 

37-1 

_ 

® 1 

1%. 2 

1-7 

2-7 

1-9 

— 

4-6 

— 

3-6 

— 

2-1 

— 

fd 1 

( 

243 

148 

76 

— 

_ 

_ 

_ 

__ 

__ 


-~rr ^ 

%.i 

32-1 

20-3 

25-0 

— 

_ 

_ 

_ 

_ 

_ 


0 c„ 

i%. 2 

3-7 

4-0 

7-9 

— 

~ 

— 

__ 

— 

— 

— 
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PP compound, A cultures. 












Day of emergence 

_A 





Constitution of $$ 

f 

I 

II 

Ill 

IV 

V 

VI 

YLl 

VIII 

IX 

X 

. b p, 1 

-■ n 

1155 

411 

694 

537 

671 

570 

252 

333 

89 

434 


10 / 1 

29-5 

32-3 

29-7 

26-6 

25-4 

29-1 

27-0 

25-5 

18-0 

26-7 

Pr ^ n 

\°L 2 

l /O.’ 

4-5 

6-3 

3-7 . 

3-7 

2-7 

2-6 

3-6 

1-8 

6-7 

3-9 

2 J 

b Pr <^n I 

' n 

951 

653 

1183 

1007 

596 

433 

541 

52 

337 

94 

0 / 1 

/O) 

23'5 

27-9 

28-4 

25-8 

24-5 

24-7 

26-4 

21-4 

22-2 

28-7 

0 / 2 
‘ yoj 

4-6 

5-5 

6-1 

4-7 

5'5 

3-7 

3-7 

3-8 

" 3-0 

5-3 

0 PrC» ! 

bPr 1 

1 

156 

ISO 

— 

43 

146 

188 

234 

152 

_ 


%, 1 

32-0 

28-9 

— 

39-5 

32-9 

30-3 

32-5 

27-6 

_ 

_ 

:%, 2 

8-3 

6-1 

— 

14-0 

5-5 

10-6 

6-S 

2-0 

— 

— 




TABLE IV. 

PP compound, B cultures. 

Daj’' of emergence 

_V 





Constitution of §? 

' I 

11 

in 

IV 

V 

VI 

VII 

VIII 

IX 

A 

X 


736 

774 

418 

470 

400 

385 

216 

290 

_ 

507 


22-7 

24-8 

22-5 

22-1 

25-7 

22-6 

16-2 

22-4 

_ 

26-0 

PrCn 

3-8 

4-3 

1-4 

2-8 

3-0 

2-5 

4 

5-7 

_ 

4-3 


831 

1004 

937 

548 

496 

575 

_ 

_ 

252 

252 

2-1%.i 

22-6 

25-2 

24-0 

23-6 

25-6 

22-4 

— 

_ 

22-6 

21-4 

T bp,c„ 

3-3 

3-0 

2-6 

2-2 

2-9 

1-0 

— 

— 

2-0 

2-0 


112 

121 

— 

— 

143 

189 

_ 

80 

_ 

_ 

3. %,1 

31-2 

25-6 

— 

— 

24-5 

30-1 

_ 

30*6 

_ 

— 

l%,2 

2-7 

3-3 

— 

— 

5-6 

7-4 

— 

2-3 

— 

— 
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TABLE V. 

Pjt compound, A cultures. 


Day of emergence 




r 









-\ 

Constitution of P? 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

b p, c„ 

f 

6994 

6837 

4419 

3375 

1478 

2092 

1210 

560 

420 

346 


28-8 

28-4 

28-0 

29-0 

25-4 

28-1 

27-8 

25-0 

25-2 

26-3 

(%,2 + 3 

4-2 

4-5 

3-3 

3-8 

3-7 

2-8 

3'3 

2-5 

14 

2-0 


r n 

70 

388 

— 

147 

203 

72 

__ 

— 

~ 

_ 

o 

?/o. 1 

40-0 

32-2 

— 

25-9 

23-4 

29-2 

— 

— 


_ 

Pr f)i 

i%.2 + 3 

7-1 

10-3 

— 

8-2 

10-3 

4-2 

— 

— 

— 

— 

c„ ' 

r n 

184 

248 

264 

134 

72 

123 

95 

87 

65 

91 

3. . ^ 

bpr 1 

1 0/ 1 

1 /Qi 

35-9 

30'4 

32-6 

30-6 

25-0 

26-8 

26'3 

414 

20'0 

23-4 

1%, 2 + 3 

6-5 

0-6 

4-2 

2-2 

2-8 

1-6 

2-1 

2-3 

34 

0-0 





TABLE 

VL 









Pp compound, B cultures. 












Day of emergence 





Constitution of $$ 

' I 

II 

III 

IV 

V 

VI 

VII 

vm 

IX 

X 

1. J 

T‘^ b p, 1 

n 

4971 

3955 

3414 

2575 

964 

1328 

401 

437 

80 

255 

%, I 

.%.2 + 3 

2o'4 

2'9 

26-6 

2'3 

2o-5 

2-0 

25-0 

2-3 

234 

2-3 

23-6 

2-5 

18-4 

1-2 

24-0 

1-4 

18-7 

1-2 

29-0 

2-0 

^ T^b ( 

■n 

281 

340 

— 

91 

205 

_ 

_ 

_ 

- 

_ 


1 

28’5 

32-3 

_ 

38-5 

21'5 

_ 


_ 

_ 


Pr ^'n 1 

,%,2 + 3 

3'91 

2-6 

— 

5-5 

7-8 

— 


— 

— 

— , 

T C { 

S ’” ” Jo/ 1 

A ^ /o> ^ 

53 

205 

305 

114 

60 

57 

_ 

43 

__ 

111 

30'2 

34-7 

25-9 

23-7 

25-0 

26-3 

_ 

37-2 

__ 

21-7 


%,2 + 3 

1-9 

3-4 

4-3 

0-9 

3-3 

1-7 

— 

4.6 

— 

2-7 




TABLES VII and VIII. 










tt compound, ^4 cultures. 












Day of emergence 





■ Constitution of $$ 

I 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

IX 

X 

f Cfi ( 

n 

1344 

1276 

608 

589 

400 

275 

653 

1230 

84 

550 

■ 2 bprC„ [ 

1 

/o> ^ 

Of i) 

/o» 

26-7 

4-2 

26-3 

2-7 

32-4 

8-7 

28-5 

4-4 

26-8 

34 

34-5 

4-0 

2S’0 

2'6 

26-3 

3-5 

19-0 

1-2 

23-8 

1-8 





B cultures. 







n 

1219 

834 

558 

690 

201 

72 

337 

820 

80 

246 

*1 1 

?'o> r 

2S-4 

25-4 

26-5 

29-4 

22-9 

29-2 

234 

254 

20-0 

30-5 

.%, 2 

1-8 

1-6 

2-5 

2-9 

2-0 

5-5 

1-5 

2-3 

3-7 

1-7 


In Tables I-VIII we give the final lesnlts of the experiments on the 
structure of the females, the types of cultivations (A and B), and the 
days of the hatching of the females; while the absolute numbers of flies 
are also given as percentages of the crossing-overs in the two regions, 
from T‘’ to i (the row: %, 1) and from b to c„ (the rows: %, 2 or %, 2 -j- 3). 
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We have not given a general summing up of the types of compounds. 
If, as we can see from the results of our experiments, the recessive 
mutation is the shortening of a chromosome, then it is not evident that 

such structures for example as ^-and j— could give equal crossing- 

over. With the accumulation of all recessives in one chromosome the 
asymmetry will evidently be stronger than with a proportional dis¬ 
tribution of recessives between the two homologous chromosomes which 
enter into the crossing-over. Unfortunately this question cannot be 
solved by the usual method of studying the crossing-over, since we must 
consider the different viability of the classes of cross-overs obtained. In 
order to explain this we must use Muller’s methods (back-cross with 
normal flies). 

The Results of the Experiments. 

The influence of "‘the day of emergence'’’ on the amount of crossing- 
over. In the description of our methods of work, we mentioned that we 
marked for each female the day on which she emerged after the beginning 
of emergence in the given culture. The largest flies emerged during the 
first days, while flies emerging on the 15th-20th in the conditions of our 
experiment were but half the size of the first ones. 

We do not of coiuse consider that chromosomes grow smaller with 
a decrease in the size of the flies. As is well known, variation in size is 
dependent only on the variation of the number of cells in the body. 
Since the diminution of size in the flies is apparently a function of the 
drying up of the medium in which they live, we can assume that the 
bodies of the later flies will be drier and more concentrated, which may 
in its turn affect the viscosity of the plasma and also the conditions in 
which the process of crossing-over takes place. 

The results obtained by us show a diminution in the value of the 
crossing-over in flies of the last days, in both categories A and B, and 
in all points of crossing-over. We can see this general diminution in 
the numbers of the two % rows in Tables I-VIII. When we observe 
in each female a complete parallelism between the corresponding 
diminution of size of the crossing-over and its growth, the causes in both 
cases must in oru opinion be the same. 

Eurther on we shall mention the theoretical significance of this fact. 
But for the present we are more interested in the methodological side 
of the question, the importance of these changes for the calculation of 
the distances between the genes being evident. 
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Indeed^ if the amount of crossing-over is changed in flies hatched on 
different days, then if we are using for our experiment such flies we 
certainly shall obtain essentially different “relative distances.” In the 
investigation of a small region this influence can be so great that the 
“relative distances” may differ in scores of percentages, which is of 
great importance for our theme. To choose an average quantity for 
different days is evidently vain, for this average will only characterise 
the amount of crossing-over on some casual “ average day,” and cannot 
be compared in different experiments, inasmuch as the days of emergence 
of females were not marked by the experimenters. 

In order to eliminate the influence produced by “ day of emergence ” 
we ought to discover the law according to which the amount of crossing- 
over varies, and when the equation corresponding to this law is found 
we must deduce from it the influence of the day. In our case this problem 
is much simplifled, for the diminution is represented quite satisfactorily 
by the linear dependence, at least for the first ten days of the experiment. 
In the cases where the number of experiments is large enough (see the 

structure - A and B) the linear character of dependence is quite 

1 0 p.j. 

evident, at least for the practical purpose of introducing corrections in 
“the day of hatching.” 

TABLE IX. 

The Linear Equations expressing the connection between the size of 
Crossing-over and the days of Hatching of the Females investigated^. 

Structures A cultures B cultures 

7 /^ = - 0-28.C + 28-78 7/^ = - 0-54a; + 27-10 

'T^bp^c^ 1/2=-0-20a:+ 4-53 ±0-12 7 / 2 =+ 2-80±0-15 

g Pr 1 / 1 =-0-21a:± 26-25 7 / 1 =-0-09a:± 23-24 

T^bprCn ^ 2 —"'0-21-'k± 5-68±0-22 y2,~-ti-Vlx+ 3-14±0-20 

______ 1 / 1 = - 0-60a;± 29-01 i/i=-0-50a: +29-41 

T'^ b c„ i/2=“0‘24a:± 7-16±0-52 7/2= -0-04a:■+■ 3-74±0-49 

c„ i/j=-0-55.1; ±32-51 i/i= 0-08x-±25-9 

Wh'p,c„ 7/2=-0'12a:± 5-01±0-28 7 / 2 = 0-02a:± 2-70±0-24 

Cn 7 / 1 =-0-64a;± 30-96 t/^ = - O-O 62 ; ± 24-8 

7 / 2 =- 0 - 44 . 1 ;± 7-43±0-20 ?/2=-0-152;± 3-49±0-20 

r c„ 7/1 =-0-73a: ± 31-32 7 / 1 = 0-15a;±23-20 

pd b 2}f. 4-34±0-24 7 / 2 = 0-06a;± 3-41±0-32 

7 /i=crossing-over between and b, 

7/2= crossing-over between b and 

a;=day of emergence of the females investigated. 

Calculated by 0. A. Ivanova. With constant terms of equation (2) their standard 

error. 
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The equations of all the hnes are given in Table IX. 

These equations have two quantities that are defined with the standard 
error, the tangent of the angle of inclination, and the constant C. Now 
there arises the question, as to which size of the crossing-over, which 
sense of y we must choose as total summary of the experiment. We think 
the more applicable sense of y will be x being equal to 0, as in this case 

TABLE X. 

The Total General of Experiments. 

The amount of crossing-over iu females of different constitution 
which all emerged on the zero day. 




Value of 

crossing-over 


Constitution 

of 

between b and c„ 
-^_ 

between and b 

females 

A 

B 

! - 

A 

1 

B 

PP 

PV 

Pp 

Ppcc 

7-21 ±0-29 
5-36±0-17 

4- 53 ±0-12 

5- 01±0-28 

3-68 ±0-22 
3-08 ±0-22 
2-80±0-15 
2-70 ±0-24 

30-99 ±.0-o8 
28-94i;0-48 
28-74 

32-37 

27-S4±0-74 
23-41 ±0-63 
27-10 

25-90 


the probable error in the definition of y is the least, in other words as 
indicator of the value of the crossing-over we take the constant term of the 
equation of the straight line expressing the laio of alteration of the size of the 
crossing-over by days of hatching. 

In the calculation of the standard error we calculated according to 
the corresponding equation the theoretical quantity for each day. Then 
we took the difierence between the theoretical quantity and the observed 
empirical one, and from these deviations, considering of course their 
weight, we calculated cr, and from this the standard error. 

But it is quite impossible to define directly the size of crossing-over 
between black and cinnabar for the c„c„ flies. We found the equation 
for the size of crossing-over between black and purple from Tables VII 
and VIII. 

These equations are: 

for A days y = — 0-12£t: -f 4*09; 
for B days y — — 0-02a; -fi 1-95. 

Then from Tables V and VI, which are much larger, we found the 
amount of crossing-over between purple and cinnabar. 

The equations obtained are: 

for A days y = — 0-042a: -f- 0-92; 
for B days y — — 0*022a: + 0-75. 
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Tlie amount of crossing-over between black and cinnabar can be 
found approximately by tbe summation of constant terms. This sum 
shows what would have been the size of crossing-over between black and 
cinnabar if it had been possible to define it in the Crfin compound. These 
quantities (5*01 and 2*70) are shown in Tables IX and X. 

The Correction oe the General Size oe the Crossing-over. 

When we organised our experiment we introduced in the line of 
analysators the gene “dumpy” which was to serve a “controlling” 
function. As a considerable time was needed for the carrying out of our 
experiment, there might have occurred some changes, observed or 
unobserved, in the conditions of breeding of the culture. Therefore it 
was imjjortant to have some indication whether such changes had or 
had not occurred. The crossing-over on the long dumpy-black region 
was to be such a controlling indicator. 

But it might also have happened that changes in the genotype, such 
as the substitution of the normal allelomorph for the recessive purple 
one, had completely altered the aptitude for crossing-over, affecting the 
size of flies in the same way as “the day of emergence.” 

On Table IX the permanent terms of the equation (^ 1 = ...) repre¬ 
sent the size of crossing-over on the region T^~b for the female of the 
0-day of emergence. We can see that on the dumpy-black region flies of 
different structure gave different amounts of crossing-over, and it is evident 
that these differences are not due to chance, i.e. they are beyond limits of 
probable errors. So in the main line A, with the normal allelomorph (P) 
in the middle, the amount of crossing-over is 29-0 while in the line with 
pp substituted for PP it falls to 26*25. 

We can observe the same difference in the black-cinnabar region, 
and therefore the question naturally arises: whether the PP cultures 
are not in slightly different conditions to the pp cultures, leading to 
a general diminution in the amount of crossing-over in the latter. 

It is necessary to discuss this question carefully. First of all we must 
say that the two cultures showing this difference in the amount of 
crossing-over in the dumpy-black region, (PP and pp cultures) were in 
as nearly identical conditions as we could create in our laboratory, the 
jars containing them being interspersed, and the broods contemporaneous. 
Therefore we can reject the possibility of a difference in the external 
conditions. There remains the possibility that the diminution of size of 
the crossing-over on the dumpy-black region reflects the general diminu¬ 
tion of size of the crossing-over in the purple flies. 
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But this is equally improbable since the comparison of dilferent 
types of crossings does not reveal any parallelism between the size of 
crossing-over in the dumpy-black region and that in the black-cinnabar 
region. In Table IX one of the lowest values for black-cinnabar crossing- 
over corresponds to the highest value for dumpy-black crossing-over 
(32-37)j viz. 6 to 5-7 per cent, for pp crossing and 7-2 for PP crossing. 
In the pp line 26-25 per cent., one of the highest percentages for the 
black-cinnabar region, is associated with the lowest percentage for 
dumpy-black crossing-over. On the table of P-days in the first or second 
region we observe the same absence of any connection between the 
amounts of crossing-over. In other words we may conclude that the 
differences in the amounts of crossing-over in the black-dumpy and 
black-cinnabar regions, which we observed in transition from the 
crossings PP to P and from pp to Pp, are local changes, peculiar to this 
region of the chromosome. We cannot say if this change is accompanied 
by other changes further to the left, but an examination of the material 
gives no ground for supposing that such changes exist. 

We may now turn to the changes in the amount of crossing-over in 
the black-cinnabar region (see Tables IX and X). 

(1) We can observe in all our experiments that the females of type 
PP, in both groups A and B, have the highest percentage of crossing-over 
between black and cinnabar. For the A grouj) the quantity is 7-2 per 
cent, and for the group B 3-7 per cent. 

(2) The substitution of PP by pp is accompanied by a reduction of 
the crossing-over to 5-4 for group A, and to 3-1 per cent, for group B. 
It seems as if a kind of shortening of the chromosome between black and 
cinnabar takes place here. 

(3) The substitution of the homozygous type by the heterozygous 
type (Pp) reduces the amount of crossing-over to the level of 4-5 per cent, 
for A, and 2-8 per cent, for B. 

& 93 C 

(4) The substitution of G by in the structure -- - ” does not 


noticeably affect the crossing-over between black and cinnabar. We 
may present this result more clearly by transferring it to the black- 

purple region. In the structure- iAua the size of the crossing-over in 

this region is 3-61 (4-53-0-92) for A days, and 2-05 (2-80-0-75) for B days. 

Z? c 

The corresponding quantities for the structure-are 4-09 and 

1-95. Having regard to the conditions of our experiment the differences 
between those quantities cannot be considered as significant. 
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We may turn now to Table X, in which we have summed up our 
results for flies of different constitution. Generally speaking such a 
summary is recommended. With the act of segregation in different struc¬ 
tures arise difierent classes of crossing-over with diflerent fitness for life, 
and this difl;erence can alter a little the general total. To avoid this 
source of error, one ought to investigate the crossing-over first as a 
“coupling” and then as a “repulsion,” and then deduce its value from 
these two separate values. An examination of Table IX shows us that 

sometimes there is a noticeable difference. For instance, in type- 

Pr 

(A) the value of the crossing-over on the black-cinnabar region is 

& n 

5-68 ± 0-22 and in type- - — the same crossing-over is diminished 

Pr 

to 4-34. The difiierence in the amount of crossing-over in this region is 
especially noticeable in Tables V and VI on comparing 1 with 2, i.e. 

the results from ^ ^ - flies with those from 


on comparing 


T<^h 


flies. 

How is this difference called forth? For on the theory of the gene 
the amount of crossing-over in both coupling and repulsion should be 
equal. It would be very important to verify by special experiments 
how far this presumed equality extends. If a disturbance in the archi¬ 
tectural symmetry of the chromosome has any influence on the value 
of the crossing-over then the structures discussed above, which are 
asymmetrical in different degrees, should give rise to different crossing- 
over values, the value being larger according as the symmetry is more 
perfect. 

Therefore, although we have constructed Table X, we prefer to 
compare the results of the investigation of the most similar structures 
belonging to different compounds rather than summarise those relating 
to the different structures (Tables I-IX). 

Thus the most similar structures in different compounds would be ; 


PP compound pp compound Pp compound 

and and 

'Pr 

-and -——^- and so on. 

Pr 

Comparing compounds PP and pp we found that the results are in 
general alike in all structures. But with the Pp compound we do not find 
such uniformity. For flies of constitution 2 in Tables III and V, IV and 
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VI the crossing-over with Pp compound is lower than that with pp 
compound, whereas in the other Tables this relation seems to be reversed. 
Therefore we must acknowledge that any difierence between Pp com¬ 
pound and pp compound remains unproved. 

The Size oe the Oene P. 

What is to be said of the size of the normal allelomorph “^purple” 
in the light of these experiments? Since females of different days of 
emergence show different values for crossing-over, and since these values 
differ also in A and B cultures, and. at different temperatures, we can 
speak of the length of this gene only conditionally. If we use the data 
for the .d-days, the size of the P gene works out at 1-85 ± 0-34, a rather 
large size. However, in this value the statistically significant part will 
be only T85 — (0-34 x 3) = 0'83 morg. For P-days the difference 
between PP and 'PV will be equal to 0-60 ± 0-31 morg. But the total 
value of crossing-over in B cultures as compared with A is lowered 1-86 
times; therefore, if we transfer it to the scale of yl-days, we shall have 
1’86 (0-60 ± 0*31) = 1T2 ± 0*58. Averaging both determinations, we 
shall have P = T48 ± 0-33, i.e. again a rather large size, in which, 
however, the statistically significant part is only 1-48 — (0*33 x 3), that 
is to say only 0*49 morg., which we can approximately take as the 
result of our determination of the size of the purple-gene. Here we 
ought to keep in view that according to the character of the method used, 
we are able to determine the significant difference between PP and pp, 
especially if we occasionally happen to determine a size greater than 
the real one; but if we happen to determine a size less than the real 
one, it disappears in the limits of the error in the experiment. 

The Presence and Absence Theory. 

It is not difficult to see that the results obtained in the present 
investigation can be used for the resurrection of Bateson and Punnett’s 
Presence and Absence theory, which seemed buried. As an epitaph to 
this theory we can quote the words of Morgan in the last chapter of his 
book on “ The Physical Basis of Heredity,” consecrated to the multiple 
allelomorph, that “only one kind of absence is thinkable” (p. 251). 

However, our opinion is that the Presence and Absence theory can 
be brought into agreement with the Chromosome Theory of Heredity. 
Only both theories must give up the postulate of the indivisibility of 
the gene. If the results obtained in the present investigation are con¬ 
firmed by investigations on other genes, it will perhaps be possible to 
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explain the series of allelomorphs by the hypothesis that in different 
mutations parts of chromosomes unequal in point of size disappear. If 
“white” is the result of the disappearance of a chromosomal region of 
the length of 0-10 morg., then “ivory” may be the result of the dis¬ 
appearance of a region of O-Oo of a morg., “eosin” of 0*03 morg., and so 
on. Each of these mutations will, according to Bateson, represent a real 
“absence,” and will not at the same time belie Morgan’s theory of 
chromosomes. Only Morgan would perhaps be obliged to change his 
nomenclature somewhat, because from this point of view “the normal 
allelomorph” for “eosin” will no longer be the same element as for 
“white.” In the language of Morgan’s symbols, we shall be compelled 
to speah of W and w, and w®, and and so on. 

This point of view is of interest in attributing a similar physiological 
influence to whole areas (even to those, having a length of several fractions 
of morg.) of chromosomes, contrary to the current view of the chromo¬ 
some, as of a thread on which are strung various beads in a random 
order: one of the beads influencing the colour of eyes, the next the shape 
of the wing, and so on. 

We consider it opportune to mention it here, because the question 
of the different length of the different members of a series of allelomorphs 
might be capable of experimental proof through the further development 
of the method we have used in the present investigation. 

PART II. THE VARIATION OF RARE CROSSING-OVERS. 

For the purpose of the present investigation it was very important 
to determine the sizes and sources of the variation of the crossing-overs 
under consideration, in order to decide whether this variation might not 
hinder the solution of our problem. The biometrical analysis, carried 
out by Clowen (1919), showed that the phenomenon of crossing-over is 
one that exhibits unusually great variation. This is markedly the case 
for the rarer crossing-overs, i.e. those between closely located genes; and 
even more so for double and triple crossing-overs. Estimates of this varia¬ 
tion by means of the coefficient of variation give coefficients of excep¬ 
tional value, reaching 100 per cent., and higher. This exceeds anything 
known about the variation of biological quantities. 

In the centre of our investigation we placed the crossing-over between 
“black” and “cinnabar,” as having the rather low value of about 
5 per cent., and we may now enquire whether this value ever shows the 
extraordinary large variation referred to above. If such proved to be 
the case, we could hardly hope to establish the small change in the value 
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of tlie crossing-over which we suggest as arising through the substitution 
of one allelomorph P for another f. 

From the analysis of data, given by Gowen in his Tables A-D we 
noticed that the coefficient of variation depended upon two causes: 
(1) upon the variation of the biological phenomenon itself, and (2) upon 
conditions of a purely methodological character, having no relation to 
the biological occurrence. 

Let us take an example. The quadruple crossing-over, given by Gowen 
in Table D, represented such a rare phenomenon in his experiments, 
that among 31,456 flies, it was found in one sample only. Its occurrence 
is therefore 0-003 per cent. But in the bottle, where it was found there 
emerged 241 flies. Hence for this bottle, the percentage of quadruple 
crossing-overs was 0-416 per cent., that is to say 139 times more than 
the average value 0-003. 

In this way for the given experiment we get: 

/o 

In 254 bottles 0-000 

In 1 bottle 0-416 

Thence M = 0-00163 

u = 0-0260 

G- = 1590. 

The coefficient of variation thus reaches the exceptionally high value 
of 1590 per cent. But are we justified in drawing such a conclusion as 
to the extraordinary variability of a quadruple crossing-over? Of 
course not. Since fractional parts of flies cannot emerge, this coefficient 
of variation could not be less than 1590 per cent. It would remain the 
same, so long as the quantity of flies in each single bottle were the 
same. But if ten times as many flies emerged from each bottle, a single 
fly, emerging in the bottle we were examining, would represent not 
0-416 per cent., but only 0-0416 per cent.; and the coefficient of variation 
would have been markedly reduced, although the biological fraction of 
variation would remain unchanged. 

It is obvious that the phenomenon of high variability is not due 
solely to the rarity or frequency of the crossing-over itself, but depends 
upon the appearance in a given bottle of a fly with a rare crossing-over, 
which is a concern of probability, not of biology. Evidently, the crossing- 
over value might remain the same, whether we investigate 10, 100 or 
1000 flies in the same bottle. On the other hand, fluctuation on the base 
of random sampling would exhibit marked variability under these 
conditions. 
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To verify tliis we must determine wlietKer the variability of rare 
crossing-overs depends upon the number of the flies emerging in the bottle. 
For this purpose we may use of our most homogeneous and extensive 
material, namely the cross 

Firstly, let us see whether Gowen’s statement holds good, that the 
rarer the crossing-over, the more marked is its variability. That it is so 
is evident from Table XL 


TABLE XI. 


Types of cross-overs 

Value of 
cross-overs M% 

Coefficient of 
variation C% 

Non-cross-overs 

68-44 

9-2 

Single cross-overs: 

T^-h 

26-24 

20-6 

b-fr 

2-80 

70-0 

‘Pr 

0-83 

98-8 

Double cross-overs; 

T^-b,b 

0-46 

110-9 


Now let us divide all bottles into groups as follows: 
I group: bottles with a number of flies less than 50 


II group: 

III group: 

IV group: 

V group: 

VI group: 

VII group: 


from 50 to 69 
from 70 to 89 
from 90 to 109 
from 110 to 129 
from 130 to 149 
from 150 and more. 


In Table XII are given the values of the coefficients of variation for 
each group of bottles separately. 


TABLE Xn. 


The value of coefficients of variation for different groups of bottles. 


Types of 
cross-overs 

I 

II 

III 

IV 

V 

VI 

VII 

Non-cross-overs 

11-53 

12-2 

9-5 

9-8 

7-2 

7-65 

7-3 

T^-b 

25-2 

22-4 

20-4 

18-2 

16-2 

20-1 

17-8 

b 

7&3 

80-5 

93-0 

57-0 

78-0 

46-0 

63-0 

Pf ~ 

119-0 

82-0 

93-0 

89-2 

82-4 

82-4 

64-7 


161 

100 

79 

86 

77 

86 

69 


Generally speaking throughout this table we can observe the expected 
reduction in the value of the crossing-over percentage as we pass from 
group I to group VII. An irregular variation is to be observed only for 
the h-p crossing-overs. The rarer the crossing-over, the more marked the 
reduction in the percentage. Exceptionally high values occur in group I, 
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but in group VII they are already considerably reduced, and approach 
the usual biological coefficients of variation; and if we had groups of 
even larger size, e.g. VIII, IX, X and so on, it is fair to conclude that this 
reduction would continue. 

Now arises the question whether the variability, on such further 
reduction, would yet retain a value which we should have to regard as 
unusually high. Or would such variability prove fairly normal? And 
could we therefore state that rare cross-overs should be more variable 
than more frequent cross-overs; double ones being more variable than 
single ones, triple ones more variable than double ones, and so on? 

It is difficult to answ^er these questions from Table XII alone. It is 
necessary to find a method by which it would be possible to separate 
the biological part of variation from the mathematical one. 

Let us denote by a the standard deviation of variation of the crossing- 
over. This variation would depend on two elements: biological and 
mathematical. Let us denote the standard deviation of the biological 
j)art by and the standard deviation of the mathematical part by cr,^- 
Since these two variations are not correlated it follows that 

a2 = 

From this we can determine ctj,, the biological part of the variation in 
which we are interested : 

The size a can be determined by experiment. The value cr„^ can be calcu¬ 
lated. If the probability of finding the given cross-over is denoted by p, 
and the probability of not finding it by g — 1 — p, then to determine cr^ 
we only need to know the number of flies emerged in the bottle. In the 
simplest case, when there will have emerged N flies in every bottle 


But for us it is more convenient to have to deal not with p and q, but 
with percentage of crossing-over and with percentage of non-crossing- 
over, because these are also determined in the same quantities. Then 


o 



py 

N 


100‘h 


The calculation is in our case complicated by the condition that the 
number of flies emerged differs for different bottles. This is why, first of 
all, we are compelled to determine analytically to what extent o-„j may 
depend on the variation of the number of flies in the bottle. 


11-2 
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Suppose we have a row of bottles with a number of flies 

. 

ill which are hatched flies of two categories, A and jB, and here the 
a 'priori probability of A flies is equal to P, and of B flies equal to Q, and 
here P Q = 1. 

The variation of the number of A and B flies in the bottle with iii 
flies, is submitted to the binomial (P + and the standard deviation 
will be o-j = VP^/Ij ; thus, for different bottles we shall have a row of 
equations 

ai = VPQ % 

~ '\/PQ Wg 
o'3 = a /PQ fls 

0-/, = '\/PQ%. 

After squaring, we obtain 

= PQ 

CTg^ ~ PQ Vt2 

After summing, we get 

+ CTo" + ... + O’// = PQ ('% + '1^2 + ••• "t %)• 

After dividing by h we obtain the value of 

0- 2 ^ + O'a^ + ••• + PQ /' % + Wg + ... + 

k \ k J 

Here cr,y^ represents the mean standard deviation of single bottles, and 
k denotes the number of bottles. The expression in brackets is nothing 
else but the average of the numbers of flies in the bottle. Thus we liave 

= PQM, 

i.e. the standard deviation, the mean average for the groups of bottles 
with a variable quantity of flies = to the standard deviation of the 
bottle, containing the mean number of flies. 

Making the calculation—as in our case—in percentage, we ought to 
find the quantity 

^.«% = ^ioo%. 
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We get it, squaring this equation 


M2 


as 

therefore 




m% 

= PQM, 

PQM. 1002 looP.lOOg 


M2 M 

Denoting 100 P hy p per cent, and 100 Q hy q per cent., we have 

m7o 5 


and 



that is to say, a standard deviation of percentage of crossing-overs for 
the group of bottles with a different number of flies, is equal to the a 
of a bottle with the sum of all flies. 

Let us see how the coefficient of variation is changed, thanks to the 
correction by . 

(a) The variation of crossing-over on the distance, "purple-cinnabar” 
in 64 bottles of group A^. 


The numher of 
flies cross-overs 
0 
1 
2 

3 

4 


The number of 
bottles 
23 
21 
12 
0 
2 
64 


a = ± 1’09 flies, 

M=-^1^=109-3, 
64 

1-00 


The percentage of crossing-over for this group is equaltop % = 1*02 %, 
Prom this 


0% = 


0-997 

1*02 


.100 = 98%. 


1-02 X 98-98 
109^3 


0-905; 


0'\% ~ 0-993 -0-905 = 0-088; 
o'j% = 0-297. 


But 
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Therefore already 


= 


0-297 

1-02 


100 = 29 %. 


i.e. less than one-third of that calculated by ordinary means. 

(b) Variation of crossing-over on the distance “black-purple,” of 
group of the same 64 bottles. 


The number of 
crossing 
0 
1 
2 

3 

4 

5 
0 

7 

8 


The number of 
bottles 
1 

11 

12 

9 

8 

9 

() 

6 

_2 

G4 


However 


Whence 


CT = ± 2-08 flies, 

= ± 1 - 91 %. = S-64, 

C"" = J|D"‘' = 57-S%. 


3-33 X 96-67 , 

109-3 ^ 




3-64 - 2-95 = 0-69, = 0-83, 

t',”'> = ^-=100 = 25 %. 


In these two examples it is obvious what a marked efiect is brought 
about by the introduction of the correction in question. Without it 
the coefhcients of variation for the dkstances b-p^ are 57-3 per cent, and 
for pr-Cn 98 per cent.: with it they become 25 per cent, and 29 per cent., 
i.e. firstly they are both considerably reduced, and secondly they become 
nearly equal. 

Eeturning to Gowen’s data (see his Table III, p. 213), we may 
calculate the true biological variation of the crossing-overs he has investi¬ 
gated. Limiting ourselves to some examples chosen at random, we get 
the results shown in Table XIII. 
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TABLE XIII. 

Without correction With correction 


%of 


Region 

croi33ing-Qver 

a 


(To 

0/ 
(--i /O 

■So-J'o 

50-So8 

9-654 

18-623 

8-53 

16-8 

.%-D' 

10-900 

3-807 

34-923 

2-57 

23-6 


2-845 

1-680 

58-956 

7-55 

26-6 


1-065 

1-029 

96-651 

0-19 

18-0 

1 

1 

0-613 

0-672 

109-750 

0-00 

0-0 


It is not difficult to see that here also, tlie correction markedly affects 
tlie result. It leads to tfie disappearance of tlie difference between the 
variation of rare and of common crossing-overs, and of the idea that an 
increase of variation of crossing-overs is associated with a decrease in 
their frequency. The most common crossing-over s^ — r has 0% — 16, 
and a very rare double crossing-over Sg — L' and Z)' — occurring but 
one-fiftieth as often, has C % = 18. We have nearly the same variation, 
whereas without our correction the numbers are respectively 18 and 96. 

Thus we come to the conclusion, that between the biological variation 
of rare and common crossing-overs and double ones, there is no essential 
difierence. The C per cent, fluctuates, according to the region of chromo¬ 
somes involved, from 15 to 30 per cent.— i.e. has a size also usual for the 
variation of other biological variables. The variability of rare crossing- 
overs has given the impression of being exceptionally great, because 
former authors have not distinguished the biological part of variation 
from the mathematical one. 

Distribution op Rare Cross-overs. 

Before we lit upon the above explanation of the exceptionally high 
variation shown by rare crossing-overs, as described by Gowen, we had 
framed certain hypotheses, one of which we may perhaps discuss. Up 
to the present time the moment of crossing-over is supposed to occur at 
an early stage of the matiuation division in which alone occurs that 
conjugation of chromosomes which, on Morgan’s view, is indispensable 
for the production of crossing-over. At no other moment are the 
allelomorphic chromosomes located parallel to one another, so as to offer 
that mechanical interchange of areas between chromosomes essential 
to Morgan’s scheme. 

But an exceptionally marked variation of crossing-over might, 
perhaps, result were we to admit an exchange of genes at some division 
prior to the maturation division. Then, as the result of an exchange 
followed by multiplication of the cross-over cells, there might arise not 
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one, but many eggs of tlie given type, and tliis might possibly lead to 
an interesting reconciliation between the chromosome theory of Morgan 
and Bateson and Punnett’s reduplication theory. But the most im¬ 
portant point would, of course, lie in the fact that we should be com¬ 
pelled to admit the possibility of crossing-over independently of the 
conjugation of the chromosomes, which would undoubtedly change the 
whole theory of crossing-over. 

As the present work is based on Morgan’s scheme of crossing-over, 
it is of great importance for us to examine the possibility of such an 
explanation of a high variation of crossing-over. We are faced with the 
question whether the cross-overs may not be distributed in “packets,” 
and the best means of solving it is to study the distribution of rare cross¬ 
overs. 

Actually during oiir experiments, we noticed many cases of remark¬ 
able coincidences in the appearance of rare cross-overs. As already 
mentioned, the number of dies emerging was noted every day and for 
every bottle. And it often happened that on the same day and in the 
same bottle there was a simultaneous emergence of two rare cross-overs. 
Some of these cases of coincidence are represented in Table XIV. The 
most startling case was the emergence of two triple cross-overs on the 
same day in the same bottle. Triple cross-overs for the genes dumpy- 
black-purple-cinnabar represent a very great rarity, and among 55,000 
flies, they occurred only six times. Hence the simultaneous emergence 
of two examples in the same bottle on the same day is exceedingly 
unlikely. 

It is true that in such exceptional cases there is always the ])ossi- 
bility of error or contamination. Sources of error may be (1) the creeping 
into the bottles of unrelated flies, (2) the creeping into the bottle of an 
accidental female to lay eggs in it, (3) the contamination of the flies 
examined by foreign ones occasionally left in the ether bottle (where 
flies are narcotised), and (4) a wrong description of flies owing to an 
indistinct development of characters. 

The case of the simultaneous occurrence of two triple cross-overs 
was discussed on the spot and no reason was found for suspecting an 
error. The size and the freshness of the flies proved that they had just 
emerged like other flies in the same bottle. All other records for the 
bottle contained nothing suspicious, and contamination by unrelated 
eggs w^as out of the question. Plies, eventually sticking to the sides of 
the ether bottle are always dead, and so on. 

Nevertheless, isolated cases of coincidence, however remarkable. 
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are explicable on grounds of error or chance, and are not therefore of 
great interest. Evidently it is necessary to study how far the distribution 
of rare cross-overs agrees with the probabilities as calculated on the base 
of Morgan’s theory. 

Experiments on the Distribution op Rare Cross-overs. 

Whether the distribution of rare cross-overs deviates from random 
sampling was investigated as follows. In the first place we tried to answer 
the following question: if on a given day in a given bottle there was 
observed a cross-over — 3 (between purple and cinnabar) what was the 
probability of finding another sample of this cross-over in the same 
bottle, (1) on the same day, (2) on the following day, (3) in three days, 
and so on—or conversely, a day earlier, two days earlier, and so on? 

For this purpose we investigated all groups of bottles separately, 
beginning with the A group. In this group of cultures were chosen all 
cases of — 3 cross-overs. In all there were 82 such flies. Each of these 
82 flies we reckoned by turn as emerging on a zero day, and according 
to it, we orientated all other flies emerging in the same bottle. For 
instance, in bottle N 3435 (see Table XIV) one — 3 cross-over there 
emerged on the 10th day. Taking this day as the zero day we reckoned 
the llth day as the -j- 1st, the 12th as the + 2nd and so on, the 9th day 
as the — 1st, the 8th as the — 2nd, and so on. 

Therefore we consider that on the + 1st day emerged the cross-over 

— 3, because on the llth day in the same bottle there actually emerged 
the second example of this rare cross-over. At the same time we noted 
how many flies had emerged on all these days in the given bottle, because 
we needed these data for calculating the probability of the finding of 
the cross-over on a given day. 

Then as our basis of reckoning wn took the example of the cross-over 

— 3, which had emerged on the llth day. Now the 10th day is equal 
to the — 1st and we mark: “on the — 1st day has emerged the cross-over 

— 3.” 

In the same way we dealt with cases of the emergence of other rare 
cross-overs, e.g. — 2 cross-overs {Le. of flies mth cross-overs on the 
second distance, between h and p.^) in relation to the emergence of — 3 
cross-overs. 

Thus we get three different tables: 

A, on which the — 3 cross-overs are distributed on conditional days, 
in relation to the emerging of cross-overs — 3: R, on which the cross¬ 
overs — 2 are distributed on conditional days in relation to the cross- 
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TABLE XV. 

Example of using the data of cultures NN 3435, 3646, 3767 and 3850 
for the imestigaimi of the distribution of rare cross-overs. 

{a) Example of coiistmcting table “A”: distribution of cross-overs-H on conditional days 
in relation to cros3-overs-3. 

Conditional days 


r~ ------> 

NNoi - ' - + + 

jottles 14 13 12 11 10 9 8 7 0 5 4 3 2 1 0 1 2 3 4 5 6 7 S 9 10 11 12 13 14 

3435 .. 1 . 

3435 . 1 . 

3646 . 

3767 . 1 1 .. . 

3767 . 1 1 .. 

3767 . 2 . 

3850 . 2 . 

3850 . 1 .... 1 .• 

3850 . 1 .... 1 . 


2 ... 3 4 3 .... 2 . 


(i) Example of eoustructing table distribution of cross-o'Fers-2 on conditional days 
in relation to cross-overs-3. 

Conditional days 


NNoi - 

bottles 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

3435 . 2 . 2 . 

3436 . 2 . 2 . 

3646 ..121.2. 

3767 1 . 2 .. 

3707 1 . 2 .... .. 

3767 .. 1.2 . 

3850 . 1 . . 1 . 

3850 . 1 . . 1 ... 

3850 . 1 , . 1 . 


2 2 . 3 2 3 8 1 1 . . . 4 2. 


(c) Example of constrncting table “C”: distribution of the total number of flies on conditional days 

in relation to cross-overs-3. 


3435 . 3 10 6 5 8 10 12 3 12 11 6 6 3 4 13 . '. . . . 

3435 . 3 10 6 6 8 10 12 3 12 11 6 6 3 4 13 . 

3646 . 9 13 9 0 6 1 8 12 10 6 15 7 0 5 0 

3767 . 33 16 13 12 3 5 4 8 6 3 4 7 5 2 1 . 

3767 .. 33 16 13 12 3 5 4 8 6 3 4 7 6 2 1 . 

3767 .. 33 16 13 12 3 5 4 8 6 3 4 7 5 2 1 . . 

3850 . 10 12 9 10 14 7 14 9 9 2 4 3 2 12 4 

3850 .. 10 12 9 10 14 7 14 9 9 2 4 3 2 12 4 . 

3850 . 10 12 9 10 14 7 14 9 9 2 4 3 2 12 4 . 


3 33 40 29 66 128 100 106 78 62 55 44 59 47 70 44 38 22 7 19 4 


r+ 
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overs — 3: and C, on wliicli tlie total number of flies is distributed on 
conditional days in relation to the cross-overs’— 3. 

On Table XV is given an example of how these tables are drawn up 
on the basis of the data from cultures NN 3435, 3646, 3767 and 3850 
whose records are given in Table XIV. Actually these two cultures are 
not included in the common table, belonging to diSerent days of emerging 
of females A l! ^^115 Ajii, while we have drawn up separate tables for 
females of every day and there were constructed whole ranges of tables: 
Ai, Xjj, 6^3 dni} — 

The method of using these tables is as follows. From A and G we 
can determine the probability of the finding of — 3 cross-overs for each 
conditional day, and so know, whether it remains more or less constant, 
or is subject to definite variations. If the probability undergoes a change, 
it can be, first of all, explained as a sign of fluctuation of the crossing-over 

TABLE XVI. 

Didfihiition on conditional days in- relation to cross-overs-3, findings of 
cross-overs-Z and the 2 rro'bahility of their finding (p. 100). 

Group of bottles: *4i. 

Total number Number of 


Conditional 

of flies 

cross-overa-3 

. -.100 
a 

days 

(a) 

(6) 

-14 

16 

0 

0-00 

13 

23 

0 

0-00 

12 

20 

0 

0-00 

11 

30 

1 

3-34 

10 

59 

2 

3-39 

9 

102 

1 

0-98 

8 

84 

1 

1-19 

7 , 

111 

1 

0-90 

0 

163 

6 

3-64 

5 

271 

6 

2-21 

4 

o 

:ioi 

4 

1-33 

1 .*30 

o 

2 

335 

t) 

4 

i’OJ 

M9 

-1 

438 

3 

O-OS 

0 

682 

IS 

2-64 

+1 

535 

3 

0-55 

2 

428 

4 

0-93 

:i 

412 

3 

0-73 

4 

37 L 

4 

1-08 

5 

() 

353 

353 

6 

6 

1-65 

1-70 

7 

291 

1 

0-34 

s 

254 

1 

0-38 

9 

210 

1 

0-48 

10 

155 

•> 

1-29 

11 

172 

1 

0-58 

12 

100 

0 

0-00 

13 

72 

0 

0-00 

+ 14 

37 

0 

0-00 
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itself. But then it is obvious that the same fluctuation ought to show 
the probability of the finding of cross-overs — 2. This probability can be 
calculated by using Tables B and C. 

Let us now proceed to the examination of the actual data. The study 
of one of the largest groups of bottles A-^ (see Tables XVI and XVII) 
shows a very peculiar fluctuation in the probable appearances of — 3 
cross-overs. It turns out that on the day when a ~ 3 cross-over is found 
the probability of the finding of a second example of a cross-over of the 
same type is very great. Thus for the zero day this probability is 2*64 per 
cent., i.e. five times more than the average probability (0-5 per cent.). 
(When speaking of probability, we shall have in view not p but j!?. 100, 
for this is namely the size, measuring the distance between the genes.) 
But on the following day and on the day before, the probability decreases 
to its average size (0-56 and 0-68), After this again the farther from the 

TABLE XVII. 

Distribution on covtUlional days in relation to cross-overs-d, Jindinys of 
Gross-overs-2, and the prohability of their findings (p . 100). 


Group of bottles: A^. 


Conditional 

Total number 
of flies 

Number of 
cross-overs-2 

-.100 

a 

days 

(a) 

(c) 

-14 

IG 

1 

(j‘25 

13 

23 

0 

0-00 

12 

20 

1 

5-00 

11 

30 

2 

6-57 

10 

59 

1 

1-69 

9 

102 

4 

3-92 

S 

84 

2 

2-39 

7 

111 

4 

3-60 

6 

105 

8 

4-85 

5 

271 

4 

T47 

4 

301 

8 

2-65 

3 

302' 

8 

2-65 

2 

335 

22 

6-57 

-1 

438 

20 

4-57 

0 

082 

29 

4'25 

+ 1 

536 

20 

3-73 

2 

428 

25 

5-84 

3 

412 

15 

3-65 

4 

371 

19 

5-12 

5 

363 

8 

2-20 

6 

353 

13 

3-58 

7 

291 

12 

4-12 

s 

264 

11 

4-16 

9 

210 

9 

4-2S 

10 

155 

4 

2-58 

11 

172 

5 

2-90 

12 

100 

1 

1-00 

13 

72 

2 

2-78 

+ 14 

37 

0 

0-00 
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zero day, the Jiigher the probability of finding another example, until 
on the ± 6th day it again reaches a high size (1-70-3'60). Then the pro¬ 
bability decreases again until it shows a further rise about the ± 10th 
day. However, for establishing this third rise, our material is too 
scanty. 

But what is the significance of such marked ftuctuations? Why, on 
the day when a — 3 cross-over is found, is there so great a probability 
of finding a second example of the same type? 

In the first place it is possible that these days correspond to some 
general rise in the frequency of crossing-overs. Therefore we should 
expect the adjacent distance also to show on these days a greater 
frequency of cross-overs. Table XVII shows clearly that this expectation 
is not borne out. On the 0 day, as likewise on the adjacent days, the 

TABLE XVIII. 

Distribution on conditional days in relation to cross-overs-3,Jin.dings of 
cross-overs-3, cross-overs-^ and prohahiUty of their finding (p . 100 and p' . 100). 


Conditional 

Total 
number 
of flies 

Group of bottles: 

Number Number 
of cross- of cross- 
overs-3 overs-2 

-.100 

-.100 

days 

(a) 


(f) 

a 

a 

-14 

18 

1 

2 

5-55 

11-12 

13 

97 

1 

12 

1-03 

12-38 

12 

73 

1 

2 

1-37 

2-75 

11 

96 

3 

5 

3-12 

5-20 

10 

108 

0 

7 

0-00 

5-92 

y 

8 

139 

2 

6 

1-44 

4-31 

145 

3 

5 

2-07 

3-45 

7 

158 

3 

6 

1-90 

3-80 

6 

221 

2 

IS 

0-91 

8-15 

5 

227 

8 

14 

3-53 

6-15 

4 

240 

2 

6 

0-84 

2-50 

3 

2 

238 

4 

11 

1-68 

4-62 

297 

1 

12 

0-33 

4-05 

-1 

494 

4 

22 

0-81 

4- 45 

5- 83 

0 

(iOO 

10 

35 

1-67 

+ 1 

442 

4 

17 

0-91 

3-85 

2 

378 

1 

13 

0-26 

3-44 

3 

300 

4 

13 

Ml 

3-62 

4 

318 

.•> 

13 

0-63 

4-09 

5 

287 

8 

5 

2-79 

1-74 

0 

247 

2 

4 

0-81 

1-62 

7 

190 

3 

6 

1-58 

3-15 

S 

222 

3 

4 

1-35 

1-23 

1-80 

g 

163 

2 

7 

4-29 

10 

178 

0 

I 

0-00 

0-56 

11 

126 

3 

0 

2-38 

0-00 

12 

93 

1 

4 

1-07 

4-30 

13 

59 

1 

0 

1-69 

0-00 

+ 14 

44 

1 

0 

2-27 

0-00 
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probability of finding cross-over — 2 remains almost unchanged and 
practically normal, being about 4-5 per cent. 

Hence the sharp increase of crossing-overs on the distance — c,„, 
on the 0 conditional day is not accompanied by any rise in the number 
of crossing-overs in the closely adjacent region b — p^. We are led there¬ 
fore to infer that on that particular day only a very small part of the 
chromosome p^ — was affected, and that there were no specially 
favourable conditions for crossing-overs in general. 

We may now turn to the analysis of the second group of bottles yljj, 
the data of which are given in Table XVIII. The distribution of cross¬ 
over — 3 here also shows the same features, though less sharply expressed. 
On the 0 day the probability is again strongly raised, viz. to 1-67 per cent., 
but only twice as much as compared with the adjacent days (0-81 and 
0‘91 per cent.). Parther on, about ± 5 day there is a fresh rise. We 
cannot judge of further fluctuation because the data are too scanty. 

Nevertheless, on the zero day, the probability in this group of the 
finding of cross-over — 2 also shows a slight rise. However, the fluctua¬ 
tions are here less significant: 


cr. 

- 2 

4-05 

4-45 

5-83 

3-85 

3-44 

cr. 

-3 

0-33 

0-81 

1-67 

0-91 

0*26 

or in % 

cr. 

-2 

69 

76 

100 

66 

59 

cr. 

-3 

20 

48 

100 

54 

16 


Obviously these figures for group are to be interpreted as meaning 
that on the days when — 3 cross-overs were found, the probability of 
finding also the — 2 cross-overs was somewhat raised. But in a far 
higher degree had risen the probability of finding a second example of 
a cross-over of the same type, «.e. cross-over — 3. 

All that was established for group of bottles, proved riglit for 
all the remaining material. In the distribution of the rare — 3 cross-overs 
there appeared two peculiarities: 

(1) On the day of finding cross-over — 3 there clearly appears a 
greater probability of fi.nding a second example of the same type (p,. — c„); 
and the probability of finding cross-over — 2 (6 — p^.) also rises, though 
in a less degree. 

(2) The probability of finding cross-over — 3 again rises on the 5th 
and 6th days, and perhaps also on the 10th-12th days. It was also 
established that on the 5th-6th days the total of flies emerging also rose 
a little, but, of course, the increased probability of finding cross-over 
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— 3 is not for this reason invalidated, because it is already calculated 
according to this increased number of flies emerging. 

What then may we conclude from these facts? They show a somewhat 
peculiar periodicity of cross-overs, or at any rate in the emergence of 
cross-over flies. This periodicity seems to coincide with the periodicity 
of egg-layiiig; during periods of more active egg-laying, the absolute 
number of cross-overs emerging not only increases, but their percentage 
is also somewhat higher. As might have been expected, from Glowen’s 
data the crossing-overs on the adjacent distances h — 'p,. and p,. — c,j 
show some slight positive correlation; and this is to be explained by the 
circumstance that the females included in a group, as for instance A-y, 
can nevertheless differ in age by as much as 24- hours, and that is why 
their crossing-over capacity undergoes some variations. 

It is, however, probable that at certain times in the region ~ 
investigated, notwithstanding its small size, there occurs a considerable 
increase in the probability of cros.sing-over. This increase is of such a 
kind, that at such times there are formed in the female from two to live 
eggs with a crossing-over between p,. and 

How is such a phenomenon to be interpreted? For on Morgan’s 
view, crossing-over at this or that point occurs at random, and with 
this the facts just related do not agree. 

If we insist that the crossing-over occurs during a chromosomal 
conjugation and that it results in the formation of only one egg of the 
given type, we must admit that the position of the crossing-over proves 
to be not quite at random, but even rather regular. If on a given day 
in one cell, crossing-over has occurred at a point between p,. and c„, then 
we must suppose that at the same time in another cell also some force 
is tending strongly to produce crossing-over at this same point between 
p,. and c,j. To regard this force as temperature, light, dampness or some 
other external agent is very difficult, and we may be compelled to look 
for it inside the cell itself, perhaps as some form of chemical force. 

If, however, we insist on the random character of crossing-overs at 
the given point, their originating in pairs or in more numerous groups, 
might be explained on the hypothesis that crossing-over occurs,, not only 
at the maturation division, but at earlier divisions also. 

The present work is, however, not designed for resolving so im¬ 
portant a problem, for which indeed special experiments are needed. 
It is sufficient here to point out the observed deviations, and to emphasise 
that they are not frequent enough to hinder the definition of crossing-over 
with the exactness we need for the purpose of the present investigation. 

Joum. of Gen. xvni 12 
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SUMMARY. 

1. A theoretical disciission on the question of the nature of the gene 
suggests that the gene is a part of the chromosome. From this suggestion 
arises the problem of measuring the length of the gene. 

2. In the present work an attempt has been made to measure the 
gene “purple” by the method of comparing the value of crossing- 
over between “black” (6) and “cinnabar” (c„) in the following crosses: 

/•l’\ _ Vr^n . 

^ ’ h 

/2\__ ^ Vr ^n . 

hp^Gr, hprCC 

and in some other instances. 

3. The value of the crossing-over between 6 and turned out to be 
the greatest in (1), i.e. when between b and were the normal allelo¬ 
morphs for p^, i.e. P. The substitution of PP for pp diminished the cross¬ 
ing-over, that is to say, “shortened” the chromosome between h and c„. 

4r. In the case of asymmetrical construction of the homologous 
chromosomes, as in (2), that is to say with Pp, there possibly occurred 
the most marked decrease of the crossing-over. However, the difference 
between Pp and pp turned out not to be certain. 

5. There was discovered a source of marked variation of crossing- 
over. Flies of a brood which emerge earhest show the highest crossing- 
over values. Flies emerging on the following days show lower and lower 
crossing-over values. For the first ten days of emergence the value of 
the crossing-over is a linear function of the day of emergence. 

6. The variation of a crossing-over does not represent something 
exceptional, as was stated by Gowen (1919). The high coefficients of 
variation obtained by him {C % = 100 and more) are not entirely 
biological in nature, and depend upon the method of calculation. 

7. However, in the distribution of rare cross-overs there exist some¬ 
what peculiar deviations from expectation on random sampling. It is 
possible that crossing-overs of the same type may arise by groups, and 
a decision with regard to this possibility would be of great importance 
for the theory of crossing-over. 




A. S. Serbbrovsky 


175 


LITERATURE CITED. 

Beidges, C. B. (1917). “Deficiency.” Genetics, n. 445-465. 

Gowen, T. W. (1919). “A biometrical study of crossing-over.” Ibid. iv. 205-50. 
Mavoe, T. W. and Svenson, H. K. (1924). “An effect of X-rays of the linkage of 
Mendelian character in the second chromosome of Drosophila melanogaster."’ 
Ibid. IX. 70-89, 

Mohe, 0. L. (1923). “A genetic and cytological analysis of the X-chromosome in 
Drosophila melanogaster." Zeits. ind. Abst. Vererb. xxxrr. 108-232. 

Moegan, T. H. (1922). “On the mechanism of heredity.” Croonian Lecture. Proc. 
Boy. iSoc. B, xoiv. 162-197. 

Plough, H. H. (1917). “The effect of temperature on crossing-over in Drosophilal' 
Journ. Exp. Zool. xxiv. 147-209. 




THE ATTACHMENTS OF CHHOMOSOMES AT THE 
REDUCTION DIVISION IN FLOWERING PLANTS. 

By JOHN BELLING. 

Carnegie Institution of Washington, DeimHment of Genetics, 

Cold S'pring Harbor, N. Y. 

(Witl Sixteen Text-figures and Six Diagrams.) 


CONTENTS. 

PAGE 

Introduction .. 177 

Univalents of Haploid Plants . . . . . . . .178 

Bivalents of Diploid Plants ........ 181 

The Trivalents of Triploid and Primary 2n + 1 Plant.s . . . 183 

The Quadrivalents of Tetraploids . . . . . . . 187 

Trivalents of Secondary 2% + 1 Mutants . . . . . .188 

Trivalents and Quinquivalents of Tertiary Mutants . . . .* It)! 

Conjugation of Homologous Chromosomes.200 

Separation of Attached Chromosomes ...... 202 

Summary.203 

Literature Cited .. 20-1 


Introduction. 

It is usually difficult to discover liow the homologous chromosomes 
(homologues) are attached at the thin-thread stages of the maturation 
divisions, or indeed at any stage before the late prophase, in flowering 
plants. However, in iron-acetocarmine preparations, where fixation in 
pollen-mother-cells is rapid and perfect (and also in smear preparations 
fixed with the best fixatives), the connections of the homologous chromo¬ 
somes are usually visible, more or less clearly, at the late prophase and 
the first metaphase. Over 30 species and many varieties of flowering 
plants have been studied by the writer with regard to this point. The most 
important were the chromosomal varieties of Datura Stramonium, many 
varieties and species of Canna, five varieties of Hyacinthus orientalis, 
and two .species of Uvuluria. We will here neglect whatever happens in 
the pollen-mother-cells before the late prophase (diakinesis stage of 
many writers), and consider only the chromosomal connections found 
there, and at the following reduction metaphase. These connections are 
important; since, however they originated, they determine the manner 
of separation of the homologues at the reduction division. (It is proved 
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Tby the assortment in haploids and triploids that the reduction division 
is the first of the two maturation divisions.) 

The whole number of the chromosomes in an undivided cell or nucleus 
is here called a group.” A “set” comprises homologous chromosomes 
only. “Diploid,” “ triploid ” and “tetraploid” are used here only in their 
strictest sense, for plants having n sets of two, three, and four homologous 
chromosomes respectively; or for one such set alone. 

Univalents op Haploid Plants. 

At the first metaphase of the haploid Datura, which cannot well 
be distinguished from the late prophase, the following points are note¬ 
worthy (Fig. 1). (1) The chromosomes are straight (Belling and Blakeslee, 
1923), or nearly straight, and remain straight throughout the anaphase 
(Fig. 2). This indicates that the ordinary V-bend of the first anaphase 



I'ig- 1- Mg. 2. 

Fig. 1. First metapliase in poUeii-inotlier-cell of liaploid plant (Datura). The 12 chromo¬ 
somes are not in contact nor attached to one another. They are straight or nearly so. 
The median constriction is visible, but no longitudinal split. Iron-acetocarmine 
preparation. 

Fig. 2. First anaphase in pollen-mother-cell of haploid. The 12 chromosomes have iiro- 
ceeded at random to the poles, just as if each had its absent partner. The commonest 
division is C-i-7. There is no longitudinal split yet visible. Iron-acetocarmine pre¬ 
paration. ^ 

chromosome in the diploid Datura is due to the pull of the spindle fibre 
at the centre having to break the connections between the two homo- 
logues which form a ring. (Also, in the diploid Datura, any two chromo¬ 
somes attached only at one end, as happens in a small percentage of 
cases, are straight.) For the same reason, probably, these unpaired 
chromosomes of the haploid plant show no short tapering chromatin 
thread proceeding from the constriction along the spindle fibri as if 
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pulled out by tliis; as is seen in tlie bivalents, trivalents or quadrivalents 
of Daturas and most otlier plants. Tbe unpaired chromosome (univalent), 
in 2n—l branches of Datura (Blakeslee and Belling, 1924) is also straight 
at the metaphase (Fig. 3); as is too the extra chromosome in the 2n + 1 
primary mutants, when, as happens not rarely, it is separate from its 
bivalent at the metaphase (non-conjunction). The same is the case with 
any chromosomes of the triploid and tetraploid Daturas which show 
non-conjunction. But in plants with long chromosomes, such as TJvidaria^ 



m 

-Rl Zn-1 

Fig. 3. First metaphaao of a 2?i - 1 pollen-mother-cell from a mutated branch of a diploid 
Datura plant. This branch showed 23 chromosomes in all the poUen-mother-cells of 
its flower buds. The unpaired chromosome is the largest, and is straight. 

the long chromosomes are bent, even in cases of non-conjunction (Belling, 
1925 h), apparently by the resistance of the cytoplasm as they are drawn 
to the poles by the spindle fibres. Hence w^e may perhaps deduce that 
the bend in the chromosomes at the anaphase of the reduction division 
(in chromosomes with median or subterminal constrictions) is a mechani¬ 
cal conseq[uence of the pull of the spindle fibre, and the resistance to 
fracture of the two junctions with the homologous chromosome which 
is proceeding in the opposite direction; or, in long chromosomes, to the 
resistance opposed by the viscous cytoplasm to an object moving in it. 
The short chromosomes, VI and VII of Uvularia (Belling, 1925 &), which 
have a round segment connected with the body of the chromosome by 
a thread often as long as the chromosome, show this viscosity of the 
cytoplasm by the acute angle at. the junction of the thread with the large 
segment at the anaphase in the pollen-grain. 

(2) Thetwelve univalents of the haploid Datura show no attachment to 
one another (Belling and Blakeslee, 1923). This seems to prove that the 24 
ends have different attractions; that is, that none of them are homologous. 
These haploid Daturas came from diploids by the parthenogenesis of an 
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egg-cell (Blakeslee, 1923). From a tetraploid, also, regular diploids have 
come by parthenogenesis (Blakeslee, 1923), having their chromosomes 
attached, as usual, in pairs (bivalents) at the reduction division. Hence the 
formation of a plant with half the number of chromosomes by partheno¬ 
genesis (induced in the diploid Datura by cold, or by attempted crosses 
with pollen of another species, which only occasionally succeed; and in 
the tetraploid by crossing it with pollen of diploids, which rarely produces 
a seed) would be a test in the case of the so-called tetraploid and hexa- 
ploid wheats, Crepis biennis (Collins and Mann, 1923) and similar plants; 
for if the half number of chromosomes at the reduction division had any 
homologous ends, these would combine (as in Crepis biennis in crosses) 
to form bivalents. In species crosses, some or all of the chromosomes in 
the reduction metaphase of the Fj^ often show no attraction, and remain 
as univalents, while others may be mutually connected by one end only. 
Thus in the Gannas “Austria” and “Italia,” which are doubtless 
plants of crosses of Canna fiaccida of Florida, which has nine pairs of 
chromosomes, with another species of nine-chromosome Canna, only 
one to three pairs are formed (apparently united only at one end), and 
the rest of the 18 chromosomes are distributed seemingly at random. 

We may perhaps postulate a gene causing the attraction at-each end 
of each of the n difierent chromosomes of Datura and most other flower¬ 
ing plants. If this is so, it is probable, from what we know of gene 
mutation, that some or all of these genes might come to be different in 
allied species (or varieties), so that one or more chromosomes would not 
attract their homologues from the other species at one or both ends. If 
so, this would be a common cause for different degrees of sterility in the 
first generation hybrids of species crosses. 

(3) The 12 chromosomes of the haploid Datura at the reduction meta¬ 
phase seem to pass at random to the two poles (Belling and Blakeslee, 
1923), just as if their normal partners had been present. Miss Carothers has 
proved the random passage of the maternal and paternal homologues to the 
two poles at the reduction division in diploid grasshoppers (Carothers, 
1921), where some homologues showed differences in the point of attach¬ 
ment of the spindle fibre. In the haploid Datura, the writer’s observations 
show a distribution at the reduction division approximating to the terms of 
the binomial (1 -1- 1)^2^ showing that the assortment is probably a random 
one. This seems to prove that the random assortment is not merely a conse¬ 
quence of the random orientation of the bivalents in the equatorial plane; 
since it takes place in the haploid group, which contains no bivalents. 
This random assortment in the haploid is hence probably a consequence 
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of the equality of attraction from the two poles. Also it has been shown 
that the extra chromosomes of each of the three different sizes in the 
pollen-grains of a triploid hyacinth went to the two poles of the pollen 
mother-cells at random (Belling, 1924). Hence the direction in which 
the spindle fibre pulls a chromosome is a random one; and this is probably 
explained by assuming that the fi.bre takes its origin from the chromo¬ 
some. For the writer has several times found detached chromosomes 
outside the second nietaphase plates in pollen-mother-cells of triploid 
and other Daturas, but, notwithstanding this position, divided into two, 
and with the halves pulled apart to a short distance by spindle fi.bres 
apparently not connected with any of the four poles of the second meta¬ 
phases. Possibly a gene should be assumed for the origin of the spindle 
fibre, since its position is inherited (Carothers, 1921). 

Bivalents oe Diploid Plants. 

(1) The chromosomes at the reduction metaphase, in many diploids 
which have median constrictions, like Datura, form simple vertical rings 
(Diagram 2), in which the upper half of the ring with its two split halves 
(chromatids) goes to the upper pole, and the lower half to the lower pole. 
The connections become thinner and thinner until they break. As 
already stated, the homologous chromosomes are sometimes connected 
only at one end; Cases of non-conjunction also occasionally occur. 
(The origin of the V-shape of the chromosomes of bivalents at anaphase 
has already been considered.) 



Kf. 3 a. Civiiicra drawing of tte reduction nietaphase in Mhoco dtscoloi, 
sliowinflj till the univalents in a chain or split ling. 

(2) In some diploids, as in certain Oenotheras, well investigated by 
Cleland, and also in RJioeo discolor (Fig. 3 a), as the writer has found, 
the univalent chromosomes are sometimes united at the reduction 
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metapkase into a chain of V’s, alternate chromosomes passing to opposite 
poles. In EhoeOj this chain is usually bent round to form a split ring; but 
in Oenothera there is stated to be a continuous ring (Cleland, 1924). In 
Tradescantia virginiana, the 24 univalents are, in the one plant examined, 
united more or less into rings of four; but the presence of a continuous 
chain is not excluded. Such junctions of non-homologous chromosomes 
of course postulate different attractions for one end of each of the two 
homologues, which attract certain non-homologous chromosomes at this 
end. Measurements are being made on Rhoeo to find if the sequence 
of chromosomes in the chain is invariable. Unless there is selective 
elimination of half of the progeny, only half of the offspring should 
show the continuous chain, the others having n bivalents at the reduc¬ 
tion metaphase. 

(3) In certain diploids, the shorter chromosomes are often, or 
perhaps in some pairs, always, attached at the points of constriction 
{points of spindle-fibre attachment) only; especially if these points are 
not median. This is the case usually with the shorter chromosomes (and 
sometimes with the medium and long chromosomes also) of Hyacinthus 
oHentalis. It also occurs sometimes with the short chromosomes of 
Uvularia. In such V’s (or rather, truncated A’s) the two long segments 
may sometimes separate so as to send one chromatid to each pole, the 
whole forming an oval loop at the early anaphase (Belling, 1926). 

(4) In the Drosophilas, and the few other organisms which have been 
investigated completely enough in this respect, it has been shown by 
several investigators, in one or more cases at least: (1) that crossing-over 
does not occur in a large fraction, perhaps somewhat less than a half, of 
the chromosomes; (2) that single crossing-over occurs frequently; (3) that 
double crossing-over is much less common; and (4) that triple crossing- 
over is rare, in any particular class of chromosome. In most flowering 
plants whose first-metaphase chromosomes have been examined by the 
writer, the members of the pairs (homologues) are connected, as already 
stated, only at the ends. They thus show no signs of any crossing-over 
(segmental interchange) which may have taken place previously. But 
the long chromosomes (though not the shorter ones) of Hyacinthus and 
Uvularia show, in addition to junctions at the ends, other junctions at 
which the chromatids appear under the microscope to be interlaced. These 
oases are given in Diagram 1, which is taken mainly from the four largest 
chromosome pairs of the hyacinth, though the largest bivalent of Uvularia 
is nearly similar. They show the following points: (1) In a majority of 
cases there is one definite point of fusion (node) where there is inter- 
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lacing of the chromatids as indicated by the microscope. (Diagram 1, a, 
b, c, d and e; Diagram Ia, a.) (2) In somewhat fewer cases there are 
two such nodes. (Diagram 1, / and g\ Digram 1 a, h.) (3) Cases of three 
nodes are rare. (Diagram 1, Ji.) There were found, in Hyacinthus, 62 
bivalents with a single node, and 54 bivalents with two nodes, out of 
116 examined. This would give, after completion of the first and second 



Diagram 1 a. Diagram of the structure of the nodes in the bivalents of Hyacinthus 
orientalis, as seen by changing the focus of the microscope. 


divisions, 38 per cent, of chromosomes showing no segmental inter¬ 
change, 50 per cent, with one point of interchange, and 12 per cent, 
with two points of segmental interchange. It seems an allowable work¬ 
ing hypothesis that this parallelism with the genetic results in Droso¬ 
phila indicates that such configurations in Hyacinthus and Uvularia 
may be consequences of crossing-over (segmental interchange). 


The Trivalents oe Triploid and Primary 2n + 1 Plants. 

(1) The trivalents of short chromosomes with median constrictions, 
such as those of Datura and Ganna, either form some of fi.ve different 
configurations (Diagram 2, lowest line); or one homologue shows separa¬ 
tion (non-conjunction) from the other two, which form a bivalent, 
usually a ring. These five are all the configurations which have been seen 
among several hundred trivalents of triploids (Fig. 4) and primary 
2n 1 forms (Figs. 5 and 6) in Datura and Canna. Theoretically these 
are all the possible configurations for end-to-end union of homologues 
with different attractions at each end, and different attractions in each 
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Diagram 2. 



Fig. 4. First metaphase in a modified triploid, 3« - 1 plant. TJiere are eleven trivalents, 
showing five open V’s, six ring-and-rod configurations (including the doubtful S), and 
one bivaleirt, w'“. The chromosomes of any one trivalent are of the same size. Cyto¬ 
plasm and chromosomes were removed from the cell-wall and flattened on. the cover- 
glass. Iron-acetooarinine preparation. 

Fig. 5. Camera drawing from an iron-aeetocarmine preparation of the grouj) of chromo¬ 
somes at the first metaphase of tlie 'Zn -t-1 primary miitant, EL. The plant is triploid 
for chromosome I, and the trivalent shows the ring-and-rod configuration. Eleven 
bivalents are al.so seen. Drawn from a preparation in which the cytoplasm and 
chromosomes had been scpteezed from the cell-wall, and adhered to the coverglass, 

of the n kinds of chromosomes. (There have been three exceptional 
trivalents found among those examined, but alternative explanations 
are probable for two of these, and possible for the other.) Of these five 
configurations, the V is the commonest, and it occurred in about half 
of the trivalents. This V could, not form a ring of three by the two free 
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ends combining, for they are not homologous. The ring and rod is not 
far behind the V in numbers. Together they formed 70 per cent, of the 
trivalents. The three-rayed trivalent, or Y, is the next most numerous 
form. Some Y’s seem,horizontal at metaphase, but all are vertical when 
the anaphase commences. This configuration is often found in the smaller 
chromosomes of Datura instead of the ring and rod. The chain of three 
need not always be straight; but it differs from the V in the central 
chromosome not being bent, and in the tAvo terminal chromosomes going 



Fig, 0. Trivaleuts of the 2/1+1 primary mutant Rl, Avhich is triploid for chromosome 1, 
the largest chromosome. The trivalents were at the first metaphase in the pollen- 
mother-cell. The drawings w'ere made from iron-acetocarmiiie preparations. These 
trivalents were drawn with the camera, under a Zeiss apochromatic objecthm 60 of 
1-3 apei'ture. As shown by the scale of 0-01 mm., the enlargement, at table level, was 
2100. An oil-immersion objective was used, because the water-immersion Avould have 
showed changes of magnification for different coverglasses. The open V occurred in 
six cases, the ring and rod in three, the chain of three in two cases, and there was one 
example of the triple arc. This figure shovdd be compared with Fig. 9, Av^hioh depicts 
the trivalents of the corresponding secondary Sg-, and also with Fig. 12, wiiich shows 
chromosome I in the trivalents of Wy. 


to different poles. Tlie triple arc, in wliicli all the ends of the three chro¬ 
mosomes are combined, might have been considered likely to be the 
most abundant configuration of the trivalents; but, in fact, it is the 
rarest. A single chromosome is, as already stated, found not uncommonly. 
It is always more or less straight, not bent into a small ring (as it is in 
secondary 2u -1- 1 mutants). 

If we count up the different attachments in the more or less random 
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sample of trivalents from ten of the primary "In + 1 (trisomic) forms 
given in the 1924 paper (Belling and Blakeslee, 1924 h), omitting one 
exceptional hexagon (which may perhaps have been a trivalent giving 
rise to a secondary, for it was open at one angle), we have, for 108 tri¬ 
valents, 198 free ends, 147 junctions of two ends,.and only 52 junctions 
of three ends. If the junction of three ends were as stable as that of two; 
or if two chromosomes having combined by the ends in the thin-thread 
stage, there still remained as much free attraction in this double end as 
there was in the single end; then there should be, in almost all trivalents, 
three ends combined (as two ends are nearly always combined in the 
diploid Daturas and Gannas). Therefore, the union of two ends hinders 
union with another homologous end. Hence, also, arises the frequency 
of the occurrence of separate single chromosomes (univalents) in the 
triploids, as compared with the diploids, where they are rare. In the 
true triploid Gannas, for instance, almost every other pollen-mother-cell 
may sometimes show one or two separate univalents. 

On the whole, the absence of rings of three in the triploids of Daturas 
and Gannas, and in the trivalents of the 12 primary 2w + 1 Daturas, 
indicates that the configurations originated by homologous ends of the 
chromosomes and no others coming together, as in diploids. 

(2) Short chromosomes with subterminal constrictions, like the 
medium and short chromosomes of the triploid hyacinth, form more 
complicated configurations than are seen in the triploid Gannas and 
Daturas. Such homologous chromosomes may be connected either at 
the ends, or at the constrictions. In the latter case, as in the diploid 
hyacinth, the attraction may perhaps be supposed to reside in the 
chromosome ends on each side of the constriction. Some of the peculiar 
configurations resulting from this may be seen in Figs. 3 and 4 of the 
writer’s paper on the chromosomes of the hyacinth (Belling, 1925 a). 
Some of the trivalents of HemerocaUis fulva resemble these. 

(3) In the long chromosomes of the triploid hyacinth, which have 
a median constriction, the ring and rod and the chain of three have been 
demonstrated. But the three homologues may have connections at the 
constrictions, and also other connections like those already found in the 
long chromosomes of the diploid hyacinth. These other connections seem 
to be of the nature of interfacings of the chromatids, as in Uvularia 
(Belling, 1926). If such secondary connections ever occurred in the short 
chromosomes of the hyacinth, they have left no traces in the late pro- 
phase and metaphase; and this is also the case with all the chromosomes 
of Datura and Ganna. 
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The Quadrivalents of Tbtraploids. 

• The tet'raploids of Batura stramonium and of Primula sinensis were 
examined. In the Primula, the chromosomes were small, and squeezing 
out the contents of the pollen-mother-cell without injuring the quadri¬ 
valents was not successful. However, in some cells it seems that the 
homologues were combined in quadrivalents. In Datura, on the other 
hand, quadrivalents could be readily seen in all perfectly fixed cells, 
after squeezing out the cytoplasm and chromosomes. It was, however, 
difficult to get a preparation showing clearly all twelve quadrivalents 
uninjured. Pigure 7 is a camera drawing of the best preparation obtained 
in the course of months. The configurations would of course be different 
for tetraploids with long chromosomes, and also with chromosomes 
showing subterminal constrictions. In the tetraploid Datura, all the 



Fig. 7. Camera drawing of the quadrivalents of a tme tetraploid at the metaphase of the 
first division in the pollen-inother-cell. The cytoplasm was squeezed from the cell 
and flattened out in close adhesion to the covcrglass. The drawing was made with the 
preparation under a Zeiss 2 mm. apochromatic of 1-4 aperture, which was illuminated 
Avith a cone of light of over from a Leitz aplanatio achromatic condenser 

corrected for water-immersion. A Wratten yellow-green light filter. No. 58, caused 
the carmine-stained chromosomes to appear black. These chromosomes were par¬ 
ticularly distinct. The four chromosomes can be made out in all the quadrivalents, 
except perhaps the one marked S, w'hich is somewhat folded. The six size-classes of 
the chromosomes are marked by the letters L, I, M, m, S, and s. Quadrivalent I, 
marked L, has the form of a ring and V. The fomr quadrivalents marked Z, from left 
to right, are interlaced rings (two quadrivalents), bent chain of four, and double ring. 
The three Ill’s are double rings (two quadrivalents), and ring and V (or interlaced 
rings). The two m’s are probably both double rings. The S quadrivalent perhaps 
consists of interlaced rings; while s is a cross. There are several configurations of 
quadrivalents shown in Diagram 3 which are not represented in Fig. 5, but have been 
seen elsewhere. It is usually difficult to make out the nature of the quadrivalents in 
unsqueezed cells. 
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possible configurations have probably been seen, but some of them only 
once. There are eight of these (Diagram 3). It is probable that the 
double ring (ISTo. 2) is the commonest, but the quadruple arc (No. 1) is 
often met with. No. 3, the triple arc and rod; No. 5, the ring with two 
rods; No. 4, the ring and V; and No, 6, the quadrilateral, or ring of four, 
are not often met with. No. 7, the four-rayed or X quadrivalent; and 
No. 8, the chain of four, are more often seen. 


Quadrivalents (8) 



Diagram 3. 


Taking one group of 12 quadrivalents, we find 12 free ends, 14- 
junctions of two ends, 4 junctions of three ends, and 11 junctions of 
four ends. There are thus only 11 junctions of four ends out of a possible 
24. Hence, we may infer either that two combined chromosome ends 
exert less attraction than a single one, or that the junction of four is less 
stable than that of two ends, etc. 

In the tetraploid Daturas a little over one quarter of the pollen- 
mother-cells show uneven distribution of chromosomes (Belling and 
Blakeslee, 1924). This is probably due to the fairly numerous cases of 
separation (non-conjunction). Twice the amount of non-conjunction as 
of true non-disjunction would of course be needed; and thus the former 
would occur somewhat under six times out of a hundred for each quadri¬ 
valent. It is, in fact, diflicult to find a tetraploid group without some 
separate chromosomes. This large amount of separation again points 
to the inferior attractive powers of two or three combined ends as com¬ 
pared with an uncombined chromosome end. 

Trivalents of Secondary 2n + 1 Mutants. 

(1) These forms are known to occur in Datura (Belling and Blakeslee, 
1924 b) and probably also in Oenothera. Apparently only one or two, 
at most, come from each primary. In Datura, they have been found as 
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yet cL-iefly coming from tlie six primaries with the larger extra chromo¬ 
somes, I to VI; there being few from the six primaries with the smaller 
extra chromosomes, VII to XII. Their configurations are intelligible 
only if we suppose that one of the three chromosomes of the’trivalent 
has two homologous ends. Since a secondary arises repeatedly from its 
primary, and is the same every time, we must presume that the altered 
(or mutated) chromosome has undergone the same change in each case. 
Hence it perhaps arose from chromosomes divided at the constriction, 
for this is the only known definite point of fracture in the chromosome. 
Hence, probably by reversed crossing-over (reversed segmental inter¬ 
change), either at the thin-thread stage, or later, two homologous chro¬ 
mosomes in a trivalent might interchange non-corresponding halves. 
Two mutated chromosomes, each with similar ends,- and made of two 
similar halves, would result. This probably usually happens in a trivalent. 
If it happened in a bivalent, the two resulting gametes would probably 
not be viable in half the cases. There seems, too, no reason for such an 
abnormal position of two homologues in a bivalent; while, in the V 
trivalent of triploids and 2n d- 1 primaries, the two end chromosomes 
have been seen alongside in the late prophase nearly in the position 
necessary for such reversed segmental interchange. Hence secondaries 
could arise from the V trivalent. Since this configuration seems less 
frequent in the 2w H- 1 mutants with the extra chromosomes small, this 
may perhaps account for the infrequency of secondaries from these 
primaries. 

In a trivalent containing two such altered chromosomes, if one of 
the changed chromosomes goes to the same pole as the unchanged one, 
then, and only then, there would be a gamete formed which would give 
a secondary on combining with a normal gamete. There should obviously 
be two kinds of secondaries for each primary, with different halves of 
the chromosome. When separate from the other two, which form a 
bivalent ring, the free chromosome seems nearly always to be the mutated 
one. This is doubtless a consequence of its being unable to form a bivalent 
ring with an unaltered chromosome, only one end of which attracts it. 
The altered chromosome also has a normal partner in the anaphase in 
probably two-thirds of the cases of (the ring of three) the V, and the 
chain of three. In all these cases secondaries are formed, not primaries. 
However, primaries might be formed in one-third of the cases of (the 
ring of three) the V, and the chain of three. In fact, secondaries are 
much more abundant in the progeny of secondaries than are primaries. 

There are about seven possible configurations in the trivalents of 
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a secondary (Diagram 4). Six of these have been demonstrated with the 
microsco23e. The remaining one is the circlet and V, which may be 
presumed to exist from analogy with the Y, or three-rayed trivalent. 
The triple arc is not expected in a secondary, and does not occur. How¬ 
ever, this is not of much significance, for in the primaries, where the 



Trivalents of Secondaries (8) 

Diagram 4. 



Sg. 2 n+l^a 

Fig. 8. Camera drawing of tiie first metapliasc of the seeondary 2n +1 mutant, jSg, with 
the altered chromosome in set I. The trivaleut forms a closed V, or triangle. 

triple arc is expected, it occurred in only one out of 108 trivalents. The 
trivalents of the secondaries difier mainly from those of the primaries 
(and, of course, from those of the triploids also) by having about one- 
half of their number in the form of a ring of three (or triangle) (see 
Tigs. 8 and 9). This configuration does not occur in the primaries or in 
the triploids (compare Tables I and II). Also when one chromosome of 




Fig. 9. These trivalents are from the first metaphase of the j^ollen-mother-cell in the 
secondary 2n +1 mutant, Sg, derived from the primary, Rl, which is triploid for 
chi’omosome I. The extra chromosome, as the measurements show, is of the same size 
as chromosome I. But it has two homologous ends; so that, when alone, it bends into 
a small ring, the two homologous ends being in contact. When in a trivalent with 
two normal chromosomes of set I, it often forms triangles or closed V’s. Thus in this 
sample of trivalents from Sg, there are seven closed V’s, three open V’s, one triangle, 
and one example of the ring and rod. 


TABLE I. 

Groupings of Chromosomes in Trivalents of Primaries. 


Symbol of Kinds of trivalents 


Number of extra 
chromosome 

primary 

2u + l 
mutant 

Open V 

Ring and 
rod 

A 

Y 

Chain of 
three 

Triple 

arc 

I 

Rl 

0 

3 

— 

2 

1 

II 

Gs 

3 

2 

— 

— 

— 

III 

Bk 

9 

2 

— 

1 

— 

IV 

Ok 

2 

6 

8 

— 

.— 

V 

El 

— 

1 

— 

—, 

.—. 

VI 

Ec 

9 

2 

1 

— 

— 

VII 

Me 

11 

— 

1 

_ 

— 

VIII 

Rd 

— 

7 

— 

— 

— 

IX 

Pn 

3 

— 

— 

— 

— 

(X) 

(*Sp) 

3 

1 

8 

— 

— 

XI 

Gl 

6 

1 

0 

— 

— 

XII 

Ix 

3 

1 

— 

— 

— 


Totals 

55 

26 

23 

3 

1 


These trivalents include all that have been measured. 
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TABLE IL 


Groupings of Chromosomes in Trimlenls of Secondaries. 





Kinds of trivaleiits 



Symbol of 

,- 



——1 

Number of extra 

secondary 

C!lo,sed 


Ring and 


chroruosome ' 

mutant 

V ring 

Open V 

rod 

Y 

(I) 

Sg 

8 

3 

1 

— 

(II) 

8m 

3 

2 

— 

— 

(HI) 

St. 

3 

1 

— 

— 

(IV) 

Wd 

4 

2 

— 

'—• 

(VI) 

Mt 

7 

S 

1 

1 


Sc 

4 

2 

— 

— 


3Ip 

1 

fy 

2 

— 


' Totals 

30 

18 

4 

1 


These trivaleiits include all that have been drawn and measured. 


the trivalent is separate, this is nearly always the altered chromosome, 
as already stated. The altered chromosome has been seen in three of the 
secondaries in such cases, invariably rolled up into a circlet. Barely the 
figure of eight, with a large ring of two homologous chromosomes and 
an attached circlet formed by the altered chromosome, has been demon¬ 
strated. The V, and the chain of three of the secondary differ presumably 
from the V and chain of three of the primary, in having homologous 
free ends. The fact that the Y is more common in the primaries than in 
the secondaries is perhaps due to the inclusion, among the ten primaries 
examined, of these with small extra chromosomes such as chromosomes 
X (primary, Sp), XI (primary, Gl) and XII (primary, Ix). In these small 
trivaleiits, Vs may be scarce, or indistinguishable from Y’s. Comparing 
the configurations in the primaries and secondaries from ten primaries 
{Pn and El being omitted), and seven secondaries, we have the following: 


Ring of 


Ring and 

Chain of 

Triple 

arc 


three 

V 

rod Y 

three 


— 

48 

33 17 

9 

1 

108 from primaries 

.53 

R3 

13 1 

5 

— ■ 

95 from secoadaricH 

Endticing 

both to 100, we get this table: 



Ring of 


Ring and 

Chain of 

Triple 


three 

V 

rod Y 

three 

arc 


— 

44 

31 16 

8 

1 

100 from primaries 

56 

24 

14 1 

5 

— 

100 from secondaries 

The extra Y’s 

in the primaries have already been accounted for. The 


extra V’s and rings and rods are probably due to the absence of rings of 
three in the primaries. 

The secondaries, of course, have many more junctions of two ends 
in their configurations than the primaries have. In the 108 trivalents 
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from ten primaries, there were 147 junctions of two ends; while in the 
95 trivalents from seven secondaries there were 228 junctions of two ends. 
This excess was due, first to the many rings of three in the secondaries, 
each of which had three junctions of two, these rings of three being 
replaced in the primaries by the V, with only two junctions of two, or 
by the ring and rod, with only one junction of two chromosomes. Secondly, 
the many Y’s, with no junctions of two, lowered the number of junctions 
of two in the primaries. But, as already noted, these Y’s came partly 
from mutants with small chromosomes, not represented in the seven 
secondaries examined. 

TABLE III. 


Sizes of Chromosomes of Datura Stramonium, Measured at the First 
Metaphase, in the Trivalents. 





Symbol of 


No. of 

Number 

Length by 

‘ 2a -e 1 

Size class of 

chromosome 

measured 

average breadth 

mutant 

chromosome 

I 

36 

54-9-!-0-9 

Pd 

L 

II 

15 

44-8 

Gs 

1 

III 

36 

41-0 

Bh 

1 

IV 

12 

37-3 

Cl: 

1 

V 

(3) 

(35) 

El 

1 

VI 

36 

32-14-0-3 

Ec 

M 

VII 

36 

30-9 !-0-3 

Me 

M 

VIII 

6 

27-8 

Rd 

M 

IX 

9 

22-9 

Pn 

m 

X 

15 

22-6 

Sp 

m 

XI 

36 

20-9-hO-4 

Gl 

S 

XII 

12 

lS-7 

Ix 

s 



TABLE IV. 



Sizes of Chromosomes of Primaries and the Corresponding Secondaries. 


Primaries 


Secondaries 


A 



A 


( 


f 



Length by 


Length by 

Number 

Symbol breadth Number 

Symbol 

breadth 

I 

Rl 55 

(I) 

Sg 

53 

II 

Cts 4o 

(H) 

Sm 

43 

III 

Bk 41 

(III) 

St 

48 

IV 

Ok 37 

(IV) 

Wd 

40 

VI 

Eg 32 

(VI) 

3It 

32 


Total 210 


Total 

216 


The greatest dift’erenee is that between Bk and St. The full number of' 30 chromosomes 
has not yet been measured in St. 

It will be evident from a glance at Table IV that the altered chromo¬ 
some of a secondary is of the same size as the other two chromosomes of 
its trivalent, and as the three chromosomes of the trivalent of the 
corresponding primary (compare also Table III). 
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Hence, tlie only demonstrable difference in tbe configiirations of tbe 
trivalents of primaries and secondaries is such as would be dne to tbe 
presence of one cbromosome witb two similar ends in the trivalents of 
the secondaries. 

Though the formation of such secondary mutants as these of Datura, 
and (probably) of Oenothera, does not appear to enter into the process 
of variety or species making; yet the phenomena are of interest to caryo- 
logy as showing an unexpected mode of segmental interchange. 

(2) In at least one case in Datura, and also in Oenothera (Miss Lutz, 
1916), another kind of secondary has been found, in which there seems 
to be only one half a chromosome added to the normal diploid group, 
instead of two similar halves as in the true secondaries. The fracture (in 
the Datura mutant at least) took place at the median constriction. The 
configurations of the trivalent seen (and only a few were examined) were 
either the ring and rod, the half chromosome being the rod; or a V, the 
extra half chromosome being at one end of the V. Such a half chromo¬ 
some should have one end not homologous with one end of the complete 
homologue; and so could not unite at both ends, but must always have 
one end free in the trivalent. It would then be at a free end in the V and 
the chain of three, and outside the ring of the ring and rod. Consequently 
it would nearly always have one of the normal homologues in the gamete 
with it, and should throw few or no primaries. Measurements, in one 
case in Datura, gave 29-8 (8 chromosomes) for the two large chromosomes 
of the trivalent, and 15-3 (4 chromosomes) for the half chromosome. This 
measurement of the half chromosome is less than the measurement of 
the smallest normal Datura chromosome, namely No. XII, which came 
to 18-7 (Table III). (In all these chromosome measurements, the product 
of length by average breadth is taken.) 

These cases are perhaps chiefly of interest as bearing on the tertiary 
mutants, where the altered chromosome consists apparently of half (or 
other fraction) of one chromosome, and a complementary length of 
another, so that its size is (sometimes, at least) imaltered. 


Trivalents and Quinqueva'lents oe Tertiary Mutants. 

So far, tertiary 2n + 1 mutants have only been demonstrated to 
occur in Datura, though they probably came also in the second filial 
generation of species crosses of Stizolobium (Mucuna); where peculiarly 
leaved, nearly sterile, small plants were found in all crosses which 
included one species, in the proportion of about 1 in 200. The hypothesis 
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for the occurrence of semi-sterility in these crosses also accounted for 
these tertiary mutants (Belling, 1925 c). 

In Datura, the tertiary mutant most studied, Wy, does not arise 
directly from a primary, as do the secondaries. It only arises from a 
certain primary (Pn, with extra chromosome IX, Big. 10) after this 

V V ^ 


10 fx 

nd-IX 

Fig. 10. Tills is a camera drawing of three trivalents of the 2«, + l primary, Pn. The 
flowers of this primary are often abortive, and the chromosomes are hence difficult 
to obtain, without an abundance of material, which was not available. Hence these 
three trivalents are the only ones which could be drawn. The extra chromosome is IX. 
These chromosomes should be compared with the small chromosomes in Fig. 12. The 
size of the Pn chromosomes agrees with that of the small chromosome of Wy. The 
nine chromosomes of P?i averaged 23, while the 15 small chromosomes of Wy averaged 
26 in size. 





Fig. 11. Late prophase (diakinesis stage) of the tertiary 2?i +1 mutant, Wy. The trivalent 
■ consists here of two chromosomes of set I, joined to one chromosome of set IX. The 
chrpmosomes are in situ in the pollen-mother-eell. 
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primary lias been crossed with an isomorpliic strain of Datura, strain B, 
Tbe lines whiob make up strain B apparently differ in no visible respect 
from the ordinary Daturas (though they happen to have white flowers). 
But they show abnormal ratios in flower colour when crossed with the 
primary mutants 2% + IX, (P'n), and 2n -(- I, {Bl). When crossed with 





Kg. 12. These trivalents belong to the tertiary mutant, Wy. The abnormal chromosome 
(IXa Ic) came doubtless from the isomorpliic B strain of Datura Stranionium. One of 
its ends is homologous with one end of chromosome IX. The other end is presumably 
homologous with one of the ends of chromosome I. There are over fourteen possible 
configurations, of which only two are shown here, though several others have been seen. 
(Three of these trivalents, Xos. 4 and 5 of the first line and No. 1 of the second line, 
were purposely taken from a small bud on a starved and unhealthy plant. They 
apparently show the minimum to wliioh these chromosomes may be reduced by starva¬ 
tion, in cold weather.) The three starved trivalents, and also the second one on the 
first line, show two small and one large chromosome. The other 13 trivalents show 
two large chromosomes, equal to chromosome I in size, and one small chromosome, 
equal to chromosome IX. There have also been seen two trivalents consisting of three 
small chromosomes each; and a ring and rod, the ring being of two large, aixd the rod 
of a small chromosome. There have also been found, apparently, some chains of four 
and iive chromosomes; but these cannot be certainly identified unless tliey are com¬ 
pletely free from overlapping by the bivalents formed by the other chromosomes of 
the group. 

The large chromosomes shown in this figure measured 04 as compared with 55 for 
chromosome I in Bl; and the small cdiromosome measured 2C, as alr^^ady stated. 


Pn, tliey also cause tbe production of tlie tertiary mutant, Wy. This, as 
already stated, is the only tertiary which has been thoroughly studied; 
though several other 2n + 1 mutants seem to belong to the same class, 
one of which, Hg, has been examined with the microscope more than the 
others. 

The isomorphic B strain has apparently the same genes as the normal 
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white-flowered Daturas, so far as the tests show. It must then differ in 
the arrangement of those genes. A hypothesis which fits all the facts at 
present known is that there has been segmental interchange between the 
non-homologous chromosomes I and IX, in the ancestry of strain B. 
This is the same hypothesis, as already noted, which accounts for the 
semi-sterility of Stizolobium species hybrids, except that, in the case of 
Datura, the between the isomorphic line B and normals does not seem 
(always, at any rate) to be semi-sterile (Belling and Blakeslee, 1926). 

In the mutant Wy, the majority of the trivalents seen are in the form 
of a V, with the small chromosome (the altered IX) at one end of the V, 
the other two chromosomes being the normal I bivalent (Bigs. 11 and 12). 



Less frequent was the ring and rod, the small altered chromosome IX 
forming the rod. Sometimes there were three small chromosomes in the 
trivalent, which was a V. Rarely two small chromosomes (IX and the 
altered IX) and one large one (I) have been seen. In the mutant Hg, 
quinquevalents (and quadrivalents) have been seen, as well as trivalents. 
They probably occur also in Wy, though they have not yet been demon¬ 
strated with sufficient certainty (compare Diagram 5). 
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The large chromosomes in the trivalents of Wy agree in measurement 
with chromosome I, and the small altered chromosome agrees with 
chromosome IX, as Table V shows. Hence the alteration has not 

TABLE V. 

Sizes of Gh'omosomes IX and I of Wy, compared with 
those of Pn and Rl, respectively. 

Length by 

Chromosomes breadth 

IX or 9, from Wy (15) 26 

IX, from Pn (9) 23 

I, from Wy (27) 54 

I, from Bl (36) 55 

The numbers of cliromoaomes measured are in parentheses. 

perceptibly affected the size of the chromosome. However, there is not 
merely a difference in the attraction of one end of this altered' chromo¬ 
some (in that it attracts one end of chromosome I, instead of a correspond¬ 
ing end of chromosome IX); but there is a difference in genes, since the 
tertiary Wy differs markedly in appearance from the primary Pn, 
2n + IX, from which it arises after crossing with the isomorphic B 
strain. The altered chromosome IX is then introduced from the B strain. 
Wy is a Pn with one chromosome of the trivalent altered. 

Since the altered chromosome can combine at one end with chromo¬ 
some I, and at the other end with chromosome IX, it may be presumed 
that it consists of a portion, perhaps one-half, of its length of chromo¬ 
some IX, and the rest of a portion of chromosome I, equal to the missing 
part of chromosome IX. In other words, chromosomes I and IX seem 
to have undergone interchange of a terminal segment in the ancestry 
of the isomorphic i? strain. (It is of course assumed that the altered 
chromosome I with a terminal piece of IX remains in the B strain, whose 
genes are thus presumably the same as in normals.) 

It may readily be seen that this hypothesis would account for all the 
facts known, including the abnormal ratios for flower colour when the 
B strain is crossed with Ul, ("In 4-1), and with Pn, {2n -f- IX). For the 
genes for purple and white flower colour are in chromosome IX. 

Since in the small \f, of two normal IX chromosomes and one altered 
IX, the altered chromosome always goes with one of the normal chromo¬ 
somes IX, there could be no primaries formed. For the gamete to form 
a primary, Pn, it must have two unaltered chromosomes IX. The same 
is the case for the larger V, of two chromosomes I and one altered 
chromosome IX. Some primaries, however, might be formed from 
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Eig. 13. Fig. 14. 


Fig. 13. Late prophase of first-generation plant of cross between the isomorphic strain B 
and a normal Datura. The quadrivalent is visible containing chromosomes Nos. I 
and 1 and Nos. IX and 9. There are ten bivalents also. 

Fig. 14. First metaphase of the tertiary mutant Hg, showing the three large chromosomes 
in the form of a ring and rod. 



Fig. 15. This is a camera drawing of the chromosome configurations seen at the first 
metaphase in the 2n. -1-1 tertiary mutant Hg. The large chromosomes are larger than 
chromosome I is in the mutants Rl, Sg, and Wy. The small chromosomes are nearly 
the same size as chromosome VI in the mutant Ec. There are six cases of three large 
and two small chromosomes, four cases of three large chromosomes, and three cases of 
two small and one large chromosome. Other configurations have been seen. The median 
constriction is visible in most of the chromosomes. 
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trivalents consisting of one cliromosome I and two chromosomes IX, 
including the altered IX. 

It may be deduced that chromosomes I and IX should form a 
quadrivalent at the reduction metaphase along with the altered chromo¬ 
somes (1) and (9) in the first generation of crosses between normals and 
the isomorphic line B. These quadrivalents have been demonstrated 
with the microscope (hig. 13). As might be expected, they are closed 
rings with the two short chromosomes together, and also the two long. 

In the 2n + 1 mutant lig, the large chromosomes are apparently I, 
and the smaller chromosomes perhaps VI. One of the large chromosomes 
is probably altered (Figs. 14- and 15). 

These tertiary mutants are perhaps of phylogenetic importance as 
showing probably segmental interchange of non-homologous chromo- 
vsomes, and the origin of different isomorphic strains within a species, 
sometimes mutually more or less sterile (Belling, 1925 c). 

Conjugation op Homologous Chromosomes. 

This conjugation, effected at the thin-thread stage of the first 
maturation division, is not so readily studied in fiowering plants as it 
has been in the Oithoptera, for instance. However, from an examination 
of the thick-thread and subsequent stages up to the first metaphase, 
probable deductions can be made as to the previous conjugation or 
non-conjugation of the homologiies. For it may be concluded that 
homologues joined at both ends at the metaphase had previously con¬ 
jugated. Of the homologues united at metaphase at only one end, it 
may be presumed from analogy that they were often so united at the 
thin-thread stages, and hence did not usually show true conjugation 
(parallel conjugation). This has been found in the tomato (Lesley, 1926). 
No doubt, at diakinesis or earlier, the connections between the homo- 
logiies are made by difficultly visible threads, and perhaps some of these 
may be broken before metaphase. But; by analogy with the bivalents 
of diploids, such breakage vshould not be common, even in triploids and 
tetraploids. 

(a) In the haploid Datura there is a thin-thread stage, with coiling 
chromosomal filaments. The thick threads which emerge from the skein 
are in loops, each of which forms a single chromosome. These n chromo¬ 
somes show no attachments at the metaphase, and doubtless have not 
conjugated. The same is presumably the case with those separate 
chromosomes of diploids, etc., showing non-conjunction at the first 
metaphase. 
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{b) In tlie diploid Datura, each of the thick threads splits into two 
parallel loops which show chromomeres. The homologous ends of the 
threads are united by barely visible fibres. The pairs form loose rings at, 
diakinesis, and close rings at the first metaphase. At diakinesis the 
homologiies are still usually ill defined as compared with those of the 
first metaphase. In Datura there are nearly always 12 distinct rings at 
the first metaphase. In this case we may infer that conjugation occurred 
at the thin-thread stage. Sometimes, however, one pair of homologues 
is connected only at one end. It is possible that here conjugation did 
not occur; and at the thin-thread stage, the two homologues were, by 
a misadventure, only united at one end. 

As already stated, in some few diploid plants (Tradescantia, and 
Oenothera), rings of four or more chromosomes are found at metaphase. 
It is possible that these chromosomes had not conjugated. In some 
diploids (such as Hyacinthus and Uvularia) with long chromosomes, 
crossing of the homologues at one, two, or three points perhaps results 
from conjugation and segmental interchange. 

(c) In triploid plants, the trij)le arc, in which the three homologues 
are connected at both ends, doubtless comes from a triple conjugation. 
The ring and rod, on the other hand, probably, often or usually, comes 
from the parallel conjugation of two of the homologues, the third being 
connected only at one end (as M. M. Lesley, 1926, has seen in a triploid 
tomato). The V trivalent, possibly, had undergone no true conjuga¬ 
tion. 

(d) In tetraploids, the quadruple arc doubtless results from the 
conjugation of four homologues together. The triple arc and rod pre¬ 
sumably arose from a triple conjugation. But the common double ring 
probably came from two pairs of homologues conjugating two by two. 
Two other forms show one pair of conjugants. The square, the cross, 
and the chain of four, have retained no indication of conjugation. 

(e) In the secondaries, the figure of eight doubtless arose from the 
conjugation of the two homologues, and also perhaps the conjugation 
of the two halves of the mutated chromosome. The latter also probably 
took place in the free circlet. In the triangle (or closed V) no indications 
remain. 

(/) In tertiary mutants, the ring and rod, where the mutated 
chromosome is the rod, doubtless had undergone conjugation of the two 
homologues. Most of the other forms show no signs of conjugation 
having occurred. 

{g) The chromosomes of the ring quadrivalents formed in the of 
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the cross of two isomorpliic lines probably did not conjugate, or perhaps 
only conjugated partly. 

Separation oe Attached Chromosomes. 

There are various ways in which it may be determined how the 
homologues separate. (We will disregard here plants which show 
chromosomal junctions at other points than the ends, and so at the 
metaphase may show sej)aration of the chromatids of parts of the homo¬ 
logues.) The following criteria are usually available to show to which 
pole any chromosome of a configuration is about to pass, at the first 
metaphase or early anaphase. (1) The apex of any sharp bend in the 
chromosome points to the pole to which it is being pulled. (2) A short 
stained thread points directly to the pole, being at the base of the 
spindle fibre. (3) The jDoint of constriction of the chromosome is nearest 
to the pole to which the chromosome is proceeding, for the spindle fibre 
arises here. (4) A taut fibre between adjacent chromosomes of a con¬ 
figuration, usually points along the direction in which these chromosomes 
are proceeding. (5) The deflection of an attached straight terminal 
chromosome from the horizontal, points to the pole it is nearing. 

(a) In the haploids the chromosomes are already separate, and are 
pulled at random to the poles without deformation, (b) In the diploids 
with short chromosomes the random orientation of the bivalents with 
regard to the two poles does not explain why both spindle fibres from 
any bivalent do not pass to the same pole in half the cases, but always 
apparently go to opposite poles. Homologues accidentally connected 
at only one end keep straight as they are separated and pulled to opposite 
poles, (c) In triploids, two chromosomes of the triple arc go to one pole, 
and one to the other. The two halves of the ring in the ring-and-rod 
trivalent pass to opposite poles, and the rod goes to one pole at random. 
In the V, the two end chromosomes pass to the same pole, and the bent 
chromosome to the other pole. Also in the Y and the chain of three, 
two chromosomes pass to one pole, and one to the other, {d) In tetra- 
ploids, two of the chromosomes of the quadruple arc seem to pass to 
one pole and two chromosomes to the other pole. Similarly with the 
double ring, the square, the cross, and the ring and V. The triple arc and 
rod, the ring and two rods, and the chain of four have more than one 
possible distribution of the homologues. (e) In the secondaries, the closed 
V is usually orientated as if the bent chromosome passed to one pole 
and the two others to the other pole. In the figure of eight, the circlet 
accompanies one of the non-mutated chromosomes, so that secondaries 
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and not primaries would be formed. (/) In tertiary mutants, the mutated 
cbromosome, being usually at one end of the oj)en V, or tbe rod of tiie 
ring and rod, passes to a pole with one of tbe non-miitated cbromosomes 
of the same kind; either from the same trivalent, or from a separate 
bivalent. Much the same happens in the quinquevalents, where alternate 
chromosomes pass to opposite poles (as in the compound rings of some 
Oenotheras, Cleland, 1924). 


Summary. 

(1). In the haploid plant the n chromosomes show no mutual attrac¬ 
tions at the first metaphase, their distribution being a random one. This 
proves that the attractions of the 2w ends of these n chromosomes for 
their homologues are all different. (2) In most diploid plants the 2n 
chromosomes form n rmgs attached at both ends. Trivalents or other 
multiple configurations are found. When the constriction is subterminal 
it may be seen that the homologous ends of the homologues come to¬ 
gether. This shows that the attractions of the two ends of a chromosome 
are different. Hence there are 2n different kinds of attraction. (3) In 
some diploid plants (such as Hyacinthus and Uvularia) the homologues 
are sometimes attached at the constrictions. This brings in n (or perhaps 
2rt) more, presumably different, attractions. (4) In diploids with long 
chromosomes the homologues are attached at other points. These are 
possibly consequences of segmental interchange. (5) In triploids, the 
union of three homologous ends is not so common as that of two. Thus 
the union of two ends ia some way hinders union with a third homologous 
end. (6) The absence of a triangle among the configurations of trivalents 
in triploids proves again that the attractions of the two ends of any 
normal chromosome are different. (7) All the five configurations possible 
on the hypothesis (of 2w different attractions) have been found in tri¬ 
ploids. (8) In tetraploids, unions of two or three homologous ends are 
more common than those of four ends, showing again that the attraction 
is lessened after union. (9) All the eight configurations expected on the 
hypothesis have been found in tetraploids and only those eight. (10) In 
secondary 1 plants, one of the chromosomes of the trivalent has 
the same attraction at both ends; for when separate its ends meet to 
form a circlet. Genetic considerations show that it probably consists of 
two homologous halves. (11) The triangle occurs frequently m a second¬ 
ary, but not in a triploid or in a primary. This again proves that one 
chromosome of the secondary has similar ends. (13) The mutated chro¬ 
mosome possibly arose from reversed segmental interchange of halves 
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(at the constriction) in the V trivalent of a primary where two homo- 
logiies are parallel in a reversed position, and the genes are identical 
only at the middle. (14) In one tertiary %% -f 1 mutant, one of the chro¬ 
mosomes of any trivalent, etc., attracted at one end the corresponding 
end of its homologue, while at the other end it attracted one end of a 
certain non-homologous chromosome. (15) In consequence, one end of 
this mutated chromosome, 9, was combined with two chromosomes IX 
to form a small V trivalent; or the other end was combined with two 
large chromosomes I to form a large V trivalent (or possibly quadri- 
valents or quinquevalents might occur). (16) In this tertiary mutant, 
measurements of chromosomes and genetic results lead to the conclusion 
that one-half of chromosome IX had interchanged in its ancestry in 
the mutated chromosome with an- end-piece of the long chromosome 1. 
(17) This tertiary mutant arose after crosses of two isomorphic strains 
of Batura Stramoniiim, (the normal and strain B). Strain B gave, in con¬ 
formity with the hypothesis, abnormal ratios when crossed with the 
mutants 2n -f I and 2h -b .IX, for genes in IX. (18) Crosses of the normal 
and strain B showed, as was expected, quadrivalents consisting of 
chromosomes I and 1, and IX and 9 in a closed ring (1 and 9 being the 
two mutated chromosomes found in strain B). (19) Thus the occurrence 
of isomorphic strains points to the occasional occurrence of crossing-over 
between non-homologous chromosomes, as to which caryological data 
are lacking, (20) A 2n 4- mutant, in which a half chromosome is extra, 
had trivalents showing junctions only at one end of the half chromosome 
and the normal homologues. This shows again that a cllromosome has 
a different attraction (if any) at the constriction. (21) From the con¬ 
figurations at the first metaphase more or less probable inferences can 
be drawn as to the presence or absence of conjugation at the thin-thread 
stage. (22) Several criteria permit the separation of the homologues at 
anaphase to be inferred from the configurations. 
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GENETIC STUDIES IN POULTRY. V. ON A CASE 
OE PIED PLUMAGE. 

By E. C. PUNNETT, P.R.S. and M. S. PEASE, M.A. 

(WitE Four Text-figures and One Plate.) 

In Report IV to tEe Evolution Committee of tEe Royal Society (1908) 
a brief account was given of tEe genetical beEaviour of fowls showing 
a mixture of wEite and colour in tEe plumage, and it was shown that 
this “mottled” condition, as it was termed, behaved as a simple dominant 
to self-colour. In the course of our experiments with poultry we have 
recently come across another case in which a mixed coloured and white 
plumage also presents to self-colour a simple MendeEan relation. In 
the present case however the mixed type of plumage, which we shall 
term “pied,” behaves as recessive to self-colour. TEe data are not 
extensive, since, the experiments from which they were taken were 
designed for the solution of other problems. Nevertheless the conclusion 
to which they point is sufiiciently obvious, and as it is now clear that we 
must reckon with two types of mixed plumage, not dissimilar in appear¬ 
ance though genetically quite distinct, we consider it worth while placing 
the facts on record. 

TEe pied buds in question were met with in the F^, generation from 
a cross between a Barred Rock $ and a Black Sumatra 3, of which the 
relevant details may be gathered from the pedigree on page 208. As 
was to be expected from such a cross the $? were all black and the 
■Fj 33 were all barred. In many cases these birds put up a few white 
feathers, but as this frequently occurs in black breeds and as it had no 
bearing on the enquiry for which the experiments were designed, no 
special note of it was made at the time. 

In 1925 two F-i cockerels (c? 266/24 and 3 369/24) were mated with 
three and with four sister birds respectively, while a third F^ cockerel 
(c? 192/24) was run with three pure Sumatra pullets, all daughters of 
the original Sumatra cock. From each of these pens some F^ birds, 
chiefly pullets, were reared to maturity, and in each case a few of 
them turned out to be pied (cf. Plate X, figs. 1-4). From the two Fg 
cockerels run with sister birds only one pullet in each case definitely 
produced pied birds, viz, ¥ 323 and ? 372. On the assumption that the 
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pied condition is a simple recessive we may suppose that in these two 
pens of birds the two cockerels and the two pullets mentioned were 
heterozygous, while the remaining five pullets were probably homozygous 
blacks. The third cockerel 192), which was run with Sumatra 
pullets, produced 15 blacks and 5 pied chicks. He himself must therefore 
have been heterozygous. In this case the offspring from the three pullets 
were not separately recorded so that we cannot positively assert that 
more than one of them was heterozygous. 

In the following year (1925) a pen was made up with a pair of these 
pied birds, viz. d 269 and 9 213, and the 11 offspring reared from them 
all proved to be pied. 

Since the original parents for the Hock x Sumatra mating were still 
in existence we attempted to decide from which one the pied character 
had come into the cross. Accordingly the Rock hen ($ 6) and the 
Sumatra cock (d 9) were each'mated with a pied bird. These matings 
were made rather late in 1926 and the Rock hen unfortunately ceased 
to lay, but from the Sumatra cock a few chicks were obtained. The 
only one we succeeded in rearing turned out to be pied, showing that 
our original Sumatra 6' was heterozygous, and that the pied character 
had come into the cross through him. Though the original Rock hen 
was not directly tested, the fact that some two dozen birds were reared 
from her by the Sumatra cock and that there was not a pied individual 
among them makes it practically certain that she did not carry the 
pied character. 

The data then are consistent with the view that the pied condition 
behaves as a simple recessive to self-colour, and that it was introduced 
into the experiments through our original black Sumatra cock. 

Further evidence of the recessive nature of this pied character is 
afforded by the following considerations. The mottled appearance of 
the plumage is brought about partly by the whitening of the tips of 
the feathers, and partly through the pure white feathers interspersed 
among the rest (of. Text-fig. 1). Birds may be described as light or 
dark pied according as the white markings on the feathers tend to be 
more or less pronounced, and according as the pure white feathers them¬ 
selves tend to be more or less numerous. Also a bird looks lighter when 
the pied character is associated with the Rock type of barring than 
when the same grade of piedness is on a self-black basis. When the 
first pied birds appeared in our matings we were at once struck by their 
resemblance to a breed known as the “Exchequer Leghorn”; and in 
respect of this plumage character we were prepared to find this breed 
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behavnig as a recessive to tlie black. Tbrougb tbe kindness of Capt. 
F. S. Morgan we have been able to obtain experimental data in support 
of our supposition. Capt. Morgan mated Black Leghorn d with Ex¬ 
chequer Leghorn and obtained only blacks in These black 
pullets when mated back to an Exchequer ^ gave Exchequer-marked 
(pied) birds and blacks in approximately equal numbers. We do not 
therefore feel any doubt that the Exchequer Leghorn is a recessive pied 
bird, genetically similar in respect of this character to the pied birds 
which turned up in the course of our own experiments. 


Text-fig. 1. Showing some fcathei-s from a barred pied bird. 

All the available evidence then is in favour of the view that this 
type of pied plumage behaves as a simple recessive to full colour, and 
we may now consider briefly our data relating to the downs. Here the 
facts are more complicated, and before setting them out we may make 
a few general remarks in connection with the downs of black fowls. As 
is well known to breeders, the chicks of self-black breeds are black in 
the down, but always show some creamy white on the ventral sur¬ 
face. The extent of this ventral white exhibits considerable variation. 

1 The pullets were said to he full blacks, while the cockerels tended to show some 




Text-fig. 2. Showing dorsal [A) and ventral (jB) surfaces of down in black chick, and similar views [C and D) 
in a “barred” chick with a well-marked light head patch. 
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Generally speaking it is not visible when tbe cMck is viewed from tbe 
dorsal surface (Text-fig. 2). But in some breeds there is a marked 
tendency for this ventral white to increase in amount, to creep, as it were, 
up the sides, and eventually to invade the dorsal surface, especially 


Text-fig. 3. Down of black chick with rather more white than naual. The white 
tends to invade the dorsal surface [A) of the head. 

in the region of the head and neck (Text-lig. 3). Such a tendency to 
an excessive amount of white in the down we have noticed especially 
in Black Rosecomb Bantams, Black Sumatras, and Black Leghorns; and 
it is possibly not without significance that in these varieties the breeder 
has sought a high degree of beetling in the plumage, and at the same 
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time is inclined to regard leniently the ]3resence of an occasional white 
feather. It will of course be understood that we do not wish to imply 
that a large amount of white in the down, or the reverse, is a breed 
characteristic. On the contrary it is more a matter of strain, or even 
of individuals in a strain. Black Leghorns may show as little white as, 
for example. Black Langshans. But in our exj^erience much w^hite in 
the down is relatively more often to be met with in the former breed 
than in the latter, and indeed is more or less characteristic of some 
strains of Black Leghorns. We are inclined to suspect that it is asso¬ 
ciated with enhanced beetling, and that in selecting for this last character 
the breeder has at the same time unconsciously selected for an increase 
of white in the down. 

Our own interest in the matter arose from the fact that the excessive 
amount of white in the down which appeared in the course of our 
Sumatra-Rock experiments tended, by invading the head and neck 
region, to render it difficult, or even impossible, to determine the presence 
or absence of the light occipital head spot through which the barred 
may be distinguished from the self-black class at hatching. Since then 
we have learned that several breeders, making use of the cross Barred 
? X Black d to give a sex-linked result, have met with the same difficulty. 
Although we have not been able to carry out a series of experiments 

TABLE OF MATINGS. 
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17 
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54 
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„ 18 

Pied 9 

X Sum. d 

““ 

6 

Five with much xvhite of 
which one pied; one xvith 
“some white” on head. 
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sufficiently extensive to enable us to offer a complete analysis of tbe 
various grades of down we tbink tbat wbat we have been able to learn 
will probably prove helpful in connection with this difficulty. 

In the table on page 213 we have set out the relevant facts as 
gathered from our note-books of 1924-26, but before discussing them in 



A B 

Text-fig. 4. Dom’ii of “pied” cliiok showing dorsal (d) and ventral surface {B). 

detail we may briefly outline the interpretation that we would suggest. 
In the first place the pied plumage has always been associated with 
much white in the down, and the lightest downs that we have met 
with in the course of our work have occurred among chicks that 
eventually developed the pied plumage {Text-fig. 4). Nevertheless chicks 
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of a light type may develop into normal blacks or barreds. Most of 
our pure Sumatra chicks, for example, showed an unusual amount of 
white in the down, though eventually they developed into birds with 
normal black plumage. The amount of white was variable, some chicks 
showing a good deal more than others. With sufficient experimental 
work this variable series could doubtless be expressed in terms of a few 
definite genetic factors such as we have already determined in the case 
of the Dutch rabbit^. Since, however, our chief interest lay in another 
direction we have not attempted the long and laborious analysis involved, 
and consequently the explanation that we ofier must be in more general 
terms than one based upon a complete factorial analysis of the various 
grades of pigmentation involved. 

We suggest that the difierence between a normal black down and 
one with an unusual amount of white ^ is primarily due to a factor F. 
PP chicks have normal black downs, while pp chicks exhibit an unusual 
amount of white. The heterozygous (Pp) chick may either have a normal 
black down, or one with rather more white than usual, according to its 
constitution in respect of some modifying factor or factors whose exist¬ 
ence is here postulated on analogy with other and more fully investi¬ 
gated cases of a similar nature. Thus pp chicks, as mentioned above in 
the case of the pure Sumatras, vary considerably in the amount of white 
in the down, and it is these variations that we regard as due to the 
modifying factors postulated. A very light pp chick crossed with a 
normal might be expected to give Pp chicks with more white than in 
the normal; whereas a pp chick from the darker end of the series when 
mated to a normal would probably give Pp chicks in which the dominance 
of P was almost or quite complete. 

The second factor entering into the case is that upon which depends 
the difierence between a self-black and a pied bird. When this factor (E) 
is present the bird may have either a normal down or one with more 
white according as it does or does not contain P. But pied birds (ee) 
always show much white in the down however they may be constituted 
in respect of P. Further, it would appear that we have no grounds for 
supposing that there is any difference in appearance between EE and Ee 
chicks provided that they are of similar genetical constitution in other 
respects. 

We may now revert to our Table (p. 213) and enquire how far this 

^ Journ. Gen. xv. 1925. 

^ Apart of course from the “white” clowns characteristic of chicks that develop into 
pied birds. 
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hypothesis is compatible with the data there set out. It clearly accords 
with the fact that all of the pure Sumatra chicks (Pen 18, 1924) showed 
an unusual though variable amount of white as compared with normal 
blacks, and we must suppose both parents to have been pp in consti¬ 
tution, though at the same time probably differing in the postulated 
modifying factors. 

The result of crossing the Rock hen with the Sumatra cock (Pen 18, 
1924) was to give 25 chicks with normal black (or barred) downs and 
18 with distinctly more white than usual, though not on the average as 
much as in the pure Sumatra. Since all of these Fi chicks must be re¬ 
garded as Pp we suppose those showing more white to correspond with 
the lightest downs in the pine Sumatra, and those with normal or almost 
normal black down to correspond with the darker forms of down in 
that breed. And here we may remark that since the Sumatra cock used 
proved to be heterozygous for the pied character (J?e) it seemed possible, 
that the Fi chicks with more white might be Ee, and the normal blacks 
EE in constitution. This possibility is however negatived by the fact 
that both kinds of down occurred in F-^ chicks subsequently shown to 
carry the pied character, as well as in those which proved to be homo¬ 
zygous for E'^. 

The results from the' F-^ birds bred together (Pens 45 and 51, 1925) 
are complicated by the fact already noted that both of the cocks, and 
one pullet in each pen, carried the pied character. Since pied birds from 
these pens may be either PP, Pp, or pp in constitution, and since they 
always have the whiter type of down, it is clear that they should be left 
out of account in attempting to estimate the ratio of downs with and 
without P. The eggs of only two birds are concerned, viz. 9 323 and 
9 372, but in neither case is it possible to decide exactly how many of 
the white type of downs would have become pied birds. In part this is 
because some chicks died shortly after hatching, and in part because in 
each pen some eggs were not definitely allocated to a particular bird. 
Taking into consideration these facts we have calculated the number of 
chicks which, including those that were actually pied, should be reckoned 
as pied birds. Without going into the details of our calculations we may 
say that of these there were four in Pen 46 and six in Pen 51, and we 
have accordingly deducted them from the totals. After this correction 

^ Of the five birds carrying pied one 192) had normal black down, while the rest 
(d<7 266, 369, 99 323, 372) had rather more white than usual; of the five F-y birds homo¬ 
zygous in E two (99 11, 356) had normal black down, and three (99 369, 397, 451) had 
rather more white than usual. 
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the figures for the two pens together are 112 normal black clowns and 
36 with an excess of white. Since the parents must all be supposed to 
have been Pp in constitution such an approximation to a 3 :1 ratio is 
v^hat would have been looked for on oiu* hypothesis. 

The same difficulty in connection with the pied chicks occurs also 
in the back cross of. the c? 192 on to the Sumatra pullets (Pen 49, 
1925). The downs as recorded are 17 normal black and 16 of a whiter 
type where equal numbers of the two are to he looked for. Since only 
Ee and ee chicks occur the simplest way of correcting is to deduct the 
pied birds, leaving 17 normals and 11 with much white—a slight excess 
of normals over expectation, but one on which much stress cannot be 
laid in view of the small numbers involved. 

The last mating which calls for consideration is that bet'ween a 
Sumatra pullet and a Rock cockerel (Pen 25, 1925). This is recorded 
as having given 33 normal black and 11 rather whiter downs. In these 
last, however, the excess of white was small, and not enough to interfere 
with the recognition of the light head patch characteristic of barred 
chicks. 

Regarding the evidence as a whole, and allowing for the probable 
existence of a factor or factors tending to produce minor modifications 
in the extent of the white, it would seem to accord reasonably well with 
the hypothesis suggested; though at the same time we recognise that 
the relations between the various grades cannot be precisely expressed 
without a more lengthy analysis than we were prepared to undertake. 
Incomplete, however, as our analysis is we have put it forward because 
we feel that it may be of some value to those who make use of the 
phenomenon of sex-linkage in breeding poultry, and encounter the 
difficulty of an excessive development of white in the down obscuring 
the light head patch characteristic of the male chicks from the cross 
between barred $ and black d- It is now clear that this difficulty may 
be due to two quite distinct causes. In the first place it may arise 
through the crossing of birds which both carry the recessive pied char¬ 
acter. Such a result is more likely to be met with in the cross between 
Cuckoo and Black Leghorns, in which race the pied condition is recog¬ 
nised as a distinct variety under the name of the “Exchequer Leghorn.’’ 
Owing to its simple recessive nature the pied character can be readily 
eliminated in the usual way. When, however, chicks with much white 
appear in such a cross as Rock $ x Black Leghorn d it is more likely 
to be due to the Leghorn belonging to a strain with a low grade of 
pigmentation in the down. We suspect this to be associated with a high 
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degree of beetling in tbe adult plumage such as is encouraged in sbow 
birds, but wbetlier this be so or not tbe breeder who wishes to make 
use of such a sex-linked cross would be well advised in selecting his 
black cocks to avoid a strain in which an excessive amount of white 
occurs in the down of the chicks. 

Summary. 

The “pied” character, a mixture of coloured, particoloured and pure 
white feathers (such as occurs in the Exchequer Leghorn), behaves as 
a simple recessive to self-coloured plumage. Pied chicks show a great 
deal more white in the down than normal blacks. 

An excess of white in the down may however be quite independent 
of the pied character, occurring in chicks which develop into normal 
blacks. Such “white” downs are recessive to normal black downs 
though the grade of pigmentation is probably complicated by a modi¬ 
fying factor, or factors. 

The bearing of these facts is discussed in connection with certain 
difficulties sometimes met with in making use of the sex-linked cross 
barred $ x black 

The experiments recorded in this paper have been carried out by 
means of the funds provided by the Development Commissioners for 
breeding research work witli small animals. 


EXPLANATION OF PLATE X. 

Photographs of four pied pullets of which 1 and 2 are unbarred, and 3 and 4 are barred. 
Pigs. 1 and 3 represent the moat heavily pigmented, and figs. 2 and 4 the least heavily 
pigmented forms that occurred in our experiments. 




Pig. 4. 





DOMIlSrANT BLACK IN CATS AND ITS BEAEING 
ON THE QUESTION OE THE TOETOISESHELL 
MALES—A CBITICISM. 

By EUTH C. BAMBEE (Mrs BISBEE), M.Sc, P.L.S. 

AND E. CATHEEINE HEEDMAN, M.Sc. 

In tlie Journal of Genetics for October 1926, vol xvii, no. 2, pp. 
207-209, K. Tjebbes and Cbr. Wriedt call attention to tbe occurrence 
of a dominant black in cats and suggest that it is tbe key to tbe mncb- 
discussed problem of tbe tortoisesbell male. 

Ordinary black in cats is recessive to tbe ticking wbicb gives tabby. 
Tjebbes (1924) crossed a tabby male with a Siamese female and obtained 
all blacks in tbe generation. These blacks crossed inter se gave, 
amongst others, two tabby kittens. Tbe black of tbe generation was, 
therefore, obviously dominant to tabby. Tjebbes and Wriedt now give 
tbe results of three additional matings of tbe same type, and these 
confirm tbe occurrence of this dominant black. 

They also record tbe mating of a Siamese female with a “striped 
yellow male” and say that three tortoisesbell kittens were produced, 
two males and one female. On tbe strength of this result they suggest 
that dominant black is probably tbe explanation of all tortoisesbell 
males. 

Tbe tortoisesbell male is of outstanding interest in regard to tbe 
problem of tbe inheritance of coat-colour in cats and also in connection 
with tbe larger question of tbe chromosome theory both of inheritance 
and of sex-determination. It is, therefore, especially desirable that any 
theory of bis origin should be examined with tbe greatest care. When 
so examined, tbe suggestion of Tjebbes and Wriedt does not seem to 
be in harmony with tbe facts of tbe case. 

From Tjebbes’ own experiments it is clear that bis dominant black 
is not afiected by tbe factor for ticking, wbicb gives tabby. If tortoise¬ 
shell males were tbe result of tbe combination of yellow and this dominant 
black, it should be impossible ever to get one with bis black changed 
to tabby, yet such a tabby-tortoiseshell male is at present in our pos¬ 
session. His coat is a mixture of yellow and tabby arranged in irregular 
patches, with white chest and feet. Such tabby-tortoiseshells are common 
amongst females, but males are extremely rare. Fanciers refer to them 
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casually, but only one, other, to our knowledge, has been definitely 
recorded. It is practically certain that the only difierence between a 
black and a tabby lies in the presence of a factor for ticking (Doncaster, 
1913, p. 21 footnote; Whiting, 1918 and 1919; Bamber, 1927, pp. 5-13), 
so that our ma,le is a tortoiseshell with the ticking factor added. 

It is, of course, possible that two doses of ticking might give tabby 
with one of dominant black although one dose, as in Tjebbes’ results, 
has no visible effect, but it is unlikely that the “tabby” so produced 
would be indistinguishable from normal tabby. The fact that the large 
patches of tabby on our male are perfectly normal suggests that domi¬ 
nant black is not the key to his exceptional colouration. He is fertile 
but has been in our possession for a short time only and so far his 
offspring^ throw no light on the present subject. 

Another point in Tjebbes’ and Wriedt’s paper calls for comment. 
They record two tortoiseshell males and one tortoiseshell female from 
the cross yellow $ x Siamese 9. But a yellow male does not normally 
transmit yellow to his sons—yellow being apparently sex-linked (Little, 
1912 and 1919; Doncaster, 1912 and 1913, p. 19; Bamber, 1927, p. 43; 
Bamber and Herdman, 1927, pp. 88-94). Here he appears to have done 
so in.two cases in one litter. In view of the extreme difficulty of sexing 
some kittens at birth, it will not be considered unduly critical if we 
express a hope that these recorded tortoiseshell males will either be 
allowed to grow up, or be dissected. Some kittens are quite unmistakably 
male, others as unmistakably female, but some are so very indefinite 
that, even with kittens of both sexes in the same litter for comparison, 
it is not always possible to say to which sex they belong. There is 
therefore a possibility that if Tjebbes’ and Wriedt’s kittens are still 
young, they may have been sexed incorrectly. We dare to suggest this 
only because the occurrence of iwo males in one litter both inheriting 
yellow from their father is such a very extraordinary result. 

Taldng for granted, however, that the sexes are correctly recorded, 
the occurrence of the two tortoiseshell males is no justification whatever 
for the assumption that dominant black is the key to the problem. 
These males got their yellow from their father and that is abnormal. 
As Tjebbes and Wriedt seem to suggest, it may have been due to crossing- 
over between the X- and the Y-chromosome in the yellow male—yellow 
being sex-linlred. But that alone would be sufficient to explain the 
results, and the dominance of the black is superfluous (Doncaster, 1912 

^ These breeding results have not yet been publisljed. They will appear later when 
more facts have been collected. 
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and 1913, pp. 21 and 22; Bamber, 1927, pp. 19-23). If they mean to 
insist on the dominance of the black, as they evidently do, this implies 
that they have overlooked the fact that it is the presence of the yellow 
in their male kittens which is unexpected, not the presence of the black. 

It will be interesting to see the results of further matings involving 
dominant black and yellow. 
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THE HYPOTHESIS OE CHROMOSOME AFEIHITY 
AND THE PHENOMENON OE SUPPRESSION OF 
CHARACTERS ON CROSSING. 

By EDMUND MALINOWSKI. 

Several papers have appeared recently which try to prove that 
some linkage phenomena may be caused by an association between 
particular chromosomes. 

In the cytological literature we frequently find data concerning 
linkage of chromosomes. These hnkage phenomena may be conditioned 
either by material connections between particular chromosomes, or by 
an unknown affinity which causes the chromosomes to show a tendency 
to go in groups to each pole of the dividing cell. S. Nawashin(i6), 
E. E. Gates(o), 0. Winge(23, 24), Z. W6ycicki(25), E. E. Cleland(2) and 
other authors point out the existence of material connections between 
the chromosomes of certain plants. E. Schrader(19) shows that in some 
Pseudococcus species there are two groups of chromosomes, and that 
“the perfectly definite distinguishing characteristics of each of the two 
chromosome groups make it possible to follow them through the entire 
division, and it is plain that the clumped group acts as a unit and that 
all its members go to one and the same pole.” Schrader does not, 
however, figure any material connections between the chromosomes of 
those groups. 

Cleland{2) points out another kind of affinity which leads to the 
same results. According to him “every chromosome seems to have some 
sort of affinity for a particular pole, otherwise the picking out of alternate 
chromosomes to be sent to the same pole is inexplicable. Each chromo¬ 
some must go to one pole rather than the other, and as this applies to 
every chromosome in the cell, it naturally follows that in every cell the 
same chromosomes will go together to the poles. The effect will be the 
same as though the chromosomes were actually bound together struc¬ 
turally in such a way as to form one pair of large compound chromo¬ 
somes.” 

A. B. Stout ( 20 ) describes in Carex an interesting case of arrangement 
of chromosomes in series. This serial arrangement is not lost in the 
division stages. The daughter chromosomes are arranged in a series 
which remains in evidence during the resting stages. 


15—2 



224 Chromosome Affinity and Siqyn'Gssion of Characters 

E. E, Gates (5) believes that the coalescence of chromosomes, ob¬ 
served by him in Lactuca, may furnish a basis for the phenomena of 
linkage as distinct from those based upon relations between the two 
members of a given pair of chromosomes. 

The idea as to the possibility of existence of chromosome coupling 
as a basis for linkage phenomena was suggested also by Eennet in 1917 
((17) footnote, p. 248). 

In 1925 several papers were published in which we find genetical 
arguments for the possibility of the existence of such a higher order of 
linkage. I myself published four papers during that year(io--i3) cozi- 
oerning this phenomenon in wheat, and the arguments given in those 
papers were repeated by me in vol. xvii of this Journal {U). 

In the same year, 1925, 0. Eemier published a paper(i8) in which 
he discusses the possibility of the existence of “ Chromosomenkoppelung ” 
in Oenothera^ and brings forward the following arguments in favour of 
this supposition: 

(1) If the linked factors (for instance the factors N, P, S, R) 
were located in one chromosome ‘'^das fragliche Chromosom rniisste also 
sehr lang sein, wenn es drei oder noch mehr Genen die Moglichkeit geben 
sollte sich als selbstandig zu gebarden.” 

(2) If the linked factors were located in one chromosome the 
mechanism of crossing-over would be different from that in Drosophila 
because in the cases observed by Eenner “ die Koppelung bald mehrfach, 
bald einmal, bald gar nicht gebrochen wird, je nach dem Grad der 
Aehnlichkeit des Partnerchromosoms.” 

Eecently Hurst (8) has put forward some evidence for the existence 
of superlinkage in Rosa, The fundamental number of chromosomes in 
Rosa is 7. Somatic numbers are diploid 14, triploid 21, tetraploid 28, 
pentaploid 35, hexaploid 42, or octoploid 56. Hurst believes that “the 
significance of the septuple numbers of chromosomes in Rosa is apparent 
in various stages of gametogenesis and also in some somatic divisions 
in diploids and polyploids, in which it is evident that the chromosomes 
are working in sets of seven or septets.” When comparing the taxonomic 
characters of the species in the living collection at Kew Hurst was struck 
by the fact that the tetraploid species showed the combined characters 
of two distinct diploid species, while the hexaploid species showed the 
combined characters of three distinct diploid species, and the octoploid 
species showed the combined characters of four distinct diploid species. 

In mice W. H. Gates (6) found some characters which show an asso¬ 
ciation apart from linkage phenomena in Morgan’s sense; for there was 
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a tendency for the entire group of characters derived from each parent 
to associate together. This association appears only in specific crosses, 
and is believed by the author to be due to a grouping of the chromosomes, 

Phenomena of this nature appear to be not uncommon, and the 
hypothesis of “ superlinhage ” has been supported by means of more or 
less numerous genetic arguments by several authors almost simul¬ 
taneously. 

It is probable that the affinity between certain chromosomes may be 
greater than between others. The existence of different degrees of 
affinity between particular chromosomes may furnish the basis for the 
phenomenon of exchange of elements between two sets of chromosomes 
of difierent origin. Cleland(2) believes that such a phenomenon exists 
in Oenothera and he calls it “chromosome exchange.” If this really 
happens we should expect that in the generation from certain crosses 
one or both parental types would not appear at all. Possibly in this 
way we might explain some cases of suppression of characters on crossing, 
and so throw light upon the so-called “ Wichura” type of segregation. 

Suppose for instance that we have two types dihering from one 
another in three cumulative factors, and that these factors are each 
located in a different chromosome. We have thus three chromosomes 
A, B, C ill one parent and three respectively homologous chromosomes 
a, h, c in the other one. The genetic constitution of the first parent will 
be AABBCC and of the second one aabhcc. Let us suppose further that 
two of these chromosomes, A and B, are linked with one another, and 
that the chromosomes a and h are also linked. The precise nature of 
the linkage does not matter. It may be structural, or there may exist 
a sort of chemical affinity between the chromosomes. If this affinity 
be greater between chromosomes A and b than between A and B, then 
in jPi the normal reassortment of A and a with B and h will be upset 
and we shall obtain the new permanent combinations Ah and aB. If 
chromosomes C and c are independent of the others the Fi hybrid will 
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produce the following four kinds of gametes: AbG, aBG, Abe, aBc. 
In we shall obtain various intermediate types, as shown on Diagram 1, 
but the parental types, AABBGG and aabbcc, will not reappear. In 
the jPg generation we shall obtain three kinds of individuals, according 
as they contain 2, 3, or 4 factors; but none will possess 0 or 6 factors, 
i.e. there will be no parental combinations in F 2 - This is what Vavilov(2i) 
speaks of as the Wichura type of segregation. 

Wichura(2i) worked with the hybrids of Salix species, and obtained 
in his crosses an intermediate F^^ generation without apparent segre¬ 
gation in F^- From the photographs reproduced in Heribert-Nilsson’s 
paper (7) it would seem that the parental types did not reappear in the 
F^ generation from Salix viminalis x S. caprea. Individuals resembling 
8. viminalis did not appear at alk One single F^ individual noted by 
Heribert-Nilsson as possessing “ganz caprea-ahnliche Blatter” cannot 
be identified with 8. caprea in respect of the width of the leaves. Heribert- 
Nilsson made a back cross (viminalis x caprea) x viminalis and obtained 
in the subsequent generation “ganz viminalis ahnliche Blatter.” But 
these “viminalis ahnliche Blatter” were not identical with the leaves 
of the vmmalis parent in respect of width. 

F. L. Engledow(4) has described the phenomenon of “shift” for the 
shape of the glumes in a Triticum polonicum x Tr. durum cross. F^ was 
intermediate. “For F^ the frequency-distribution of glume-length was 
very clearly trimodal, and its form suggested simple segregation on the 
1:2:1 basis.” Engledow examined a large material, making over 
10,000 measurements of glume-length and following his investigations 
up to the Fg generation. He found that the mean glume-length for 
polonicum is in Fg “shifted” down by more than 20 per cent., that the 
shifted value breeds true, and is again exhibited by F^ polonicum ex 
intermediate Fg forms. For durum “a corresponding small upward 
shift seems to have occurred.” Engledow writes ((4), p. 93) that “the 
parental polonicum does not reappear in Fg. In its place are found 
polonicum plants which closely resemble parental polonicum in general 
appearance, but whose mean glume-length is more than 20 per cent, 
lower than that of F (parental polonicum). This ‘shifted’ form, when 
selfed, breeds true.” 

There is a tendency among geneticists to believe that segregation 
phenomena like those in the Salix crosses may be explained by means 
of the multiple-factor hypothesis. Non-appearance of parental types in 
the Fg generation is usually believed to be due to a very great number 
of factors conditioning the differences between these types. Engledow, 
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however, lias given mncli evidence which favours the view that in the 
polonicum x durum crosses it is “impossible to devise a suitable multiple- 
factor explanation,” or at least that any such explanation as a proble¬ 
matical one. He says that “'Multiplying factors’ have been suggested 
by some in explanation of the phenomena but no feature of these results 
appeared to lend any encouragement to that idea” ((J), p. 81). 

It is difficult also to explain a “ shift” of the type of the apical tooth of 
durum wheat observed by Vavilov( 2 i) in a Triticum. persicum x Tr. durum 
cross by the hypothesis of cumulative factors. Vavilov reports that in the 

generation no plants similar to Tr. durum were observed, nor were any 
found reproducing exactly Tr. p)Brsicum in glumes and teeth. A detailed 
investigation of over 4000 plants revealed no individuals with glumes 
of the t 3 ^pe of Tr. durum. “This cross,” says Vavilov(20), “was perfectly 
fertile and there could be no missing series of forms as it happens with 
distant crosses.” Vavilov concludes that the explanation of this case 
by means of the multiple-factor hypothesis “ is practicable if we admit 
a very great number of factors conditioning the shape of the glumes.” 
But, as he says later on, “it is possible that in this case the scheme of 
cumulative factors hypothesis can not be applied at all.” 

If we assume that in crosses wuth a Wichura type of segregation the 
phenomena of chromosome exchange^ occur with the production of new 
permanent chromosome compounds, then with such restrictions the 
multiple factor hypothesis 'will be applicable to this type of segregation. 

In the Triticum polonicum x Tr. durum cross it is possible that only 
two pairs of allelomorphs are involved. 

Let us suppose that the glume-length of polo7iicum is determined by 
two factors A and B, one of which, A, produces the essential glume- 
length characteristic of Tr. polonicum, while the second, B, increases 
this essential length by more than 20 per cent. The allelomorph of A 
will be a, which determines the length of durum glumes. The hetero- 
zygate Aa is intermediate. The factor B, which increases the glume- 
length of polonicum by more than 20 per cent., is scarcely appreciable 
on the durum type^. 

The factors A and B are located in different chromosomes which are 
linked with one another. The chromosomes a and h of Tr. durum are 

^ I suggested this idea in one of my former i)apers (15). 

^ A certain analogy exists between the factor B and the factor increasing the glume- 
length which I observed in my polonicum x.dicoccum crosses (14). But the factor in¬ 
creasing the glume-length in my experiments exerted a much more j)ronounced influence 
upon the polonicum glumes than upon the glumes of dicoccum. This factor, however, did 
not show any linkage with other factors. 
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also linked. In Fi new permanent combinations will occur, viz. Ah and 
aB, and tlie individual will produce only two kinds of gametes, viz. 
Ab and aB. In F^ we shall get three types of individuals, namely: 
A Abb, AaBb, aaBB in the proportion of 1 : 2 : 1. The type A Abb will 
be ■jpolonicum “shifted” down by more than 20 per cent., the type 
aaBB will be durum with slightly increased glume-length and the type 
AaBb will be intermediate like F-^^. This type, according to Bngledow’s 
statement, “remains singularly constant from generation to generation.” 

In the case of Engledow’s experiments the formation of a new per¬ 
manent chromosome association is rendered more probable owing to 
linlcage between several characters. Engledow points out that in the 
“shifted” polonicum “grain-length exhibited shift on lines precisely 
corresponding to the case of glume-length and a group of ten characters 
—five of the glume and five of the grain—behaved as '^genetic in¬ 
separables’” ((4), p. 81). It is possible therefore that the chromosome 
carrying the factor B contained also some other factors influencing grain 
and glume characters, and that all these factors were conveyed together 
from one chromosome group to another. 

Some cases of the Wichura type of segregation are known in which 
one of the parental types undoubtedly appears in the generation 
whilst another one does not appear at all. Such a case was observed by 
E. M. East (3) in Nicotiana Langsdorfii x N. alata crosses in relation to 
flower shapes. East writes as follows: “Individuals reproducing the 
N. Langsdorfii were found in the F^ generation....Certain of these F^ 
individuals reproduced N. Langsdorfii populations in the F^ generation.... 
No F\ individuals reproducing N. alata were found, but F^ plants ap¬ 
proaching such a type were produced.” The F^ generation was inter¬ 
mediate, nearer however to N. Langsdorfii. East concludes as follows: 
“Though extremes like each parent were not produced, it is hardly 
possible to see any other cause for this great difierence in variability 
than segregation and recombination of Mendelian factors.” But East 
does not propose any definite Mendelian scheme of segregation, and 
Engledow(4) believes that the multiple-factor action “is perhaps...a 
matter of uncertainty...even in such careful investigations as those of 
East.” 

Possibly such cases may be explained by means of cumulative 
factors which in the heterozygous state produce almost the same eflect 
as in the homozygous one. 

I found some evidence for the existence of such factors in my crosses 
between varieties of Phaseolus vulgaris [9). In the crosses Hinrich’s 
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Riesen x Bagnolet and ^Flageolet rouge x Bagnolet I found tkat the 
seeds of F-^ are as long as the seeds of Bagnolet, which was the largest 
parent in regard to the shapes of seeds. In #2 a segregation occurred; 
both parental types appeared but the Mode of the polygon of variation 
of seed-length was the same in F^ as in Bagnolet. I suggested that 
there are several cumulative factors increasing the basal seed-length. 
I assmned this basal length to be approximately 10 mm., and that each 
factor increased this basal length by approximately 2 mm. I assumed 
also that each of those factors in the heterozygous state increased the 
length of the seeds by the same or almost the same amount. 

The case observed by East in Nicotiana might possibly be explained 
in the same way, with, however, one essential difference, viz. the occur¬ 
rence of a “ chromosome exchange.” 

Let us suppose that in a case of seed-length we have three cumulative 
factors A, B, C, each located in a different chromosome, and that 
A and B are linked. Suppose the basal length to be 10 units, and that 
each factor increases it by 2 units, the seed-length being 16 units in 
one of the parental types and 10 in the other. The genetical constitution 
of one parent will be AABBCC (chromosomes A and B are linked) and 
of the second one —aabbcc (chromosomes a and b are linked). If the 
supposed affinity between the chromosomes A and B is less than between 
A and b, then in Fi we shall obtain new permanent combinations Ab 
and aB instead of AB and ab. The third chromosome being independent 
we shall get the following kinds of gametes: AbC, aBC, Abe, aBc. In 
F^ we shall obtain three kinds of individuals, some of which will contain 
two factors, and others three or four factors. But the parental com¬ 
binations will not occur (Diagram 2). 
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Diagram 2. 


Since we are assuming that each factor here produces as great an 
effect in the heterozygous state as in the homozygous one we should in 
such a case obtain only three classes of individuals as judged by their 
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external appearance, viz. showing 16 units of length (10 + 6), or 14 units 
(10 + 4) or 12 units (10 + 2). The larger parental type would appear 
in smaller. 

This scheme may possibly be applied to the case of Nicotiana. We 
must assume, however, that instead of dominant factors increasing the 
shapes there are dominant factors decreasing the shapes; and we must 
further assume a larger number of factors. 

Perhaps, too, the hypothesis of chromosome affinity will help to eluci¬ 
date some aberrant cases of Mendelian ratios to which Bateson called 
attention in his paper on Segregation (i); and we may now examine two 
theoretical possibilities resulting from “chromosome exchange,without, 
however, definitely relating them to concrete cases of “aberrant in¬ 
heritance.” 

Let us suppose that two factors A and B determine red colour. 
These two factors are located in different chromosomes which are linked 
with one another. After crossing a red (AB) individual with a white 
one (a6), we shall obtain an of the genetic constitution AaBb. The 
Fx individuals will be red because A and B are dominant factors. If 
the affinity between the chromosomes A and b is greater than between 
A and B, then we shall obtain in F^ two kinds of gametes, namely Ab 
and aB and in F ^—the combinations BBaa (white): BhAa (red): hhAA 
(white) in the proportion of 1 : 2 : 1. Thus the number of white indi¬ 
viduals will be the same as that of red individuals and, in such a way, 
instead of expected ratio 3 red : 1 white, we shall obtain the ratio 
1 red : 1 white. 

Let us suppose now that A and B are not dominant factors and that 
the Fx generation is intermediate in respect of colour. Then in the F^ 
generation instead of red and white individuals in the ratio of 1 ; 1 we 
shall obtain intermediate and white individuals in the ratio of 1:1. 
In the last case red individuals will not appear at all in the F^ generation. 
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SEX-RATIO IN PHEASANT SPECIES-CROSSES. 

By EOSE HAIG THOMAS anb JULIAN S. HUXLEY. 


(1) Inteobuction. 

The crosses recorded in tLe following pages were made in tlie twelve 
years 1906-1918, by one of us (E. H. T.), who is tbns entirely responsible 
for the data, while the other (J. S. H.) is responsible for the whole 
theoretical analysis. The work encountered great difficulties owing to 
war restrictions, and eventually had to be abandoned. However, a 
number of points of interest were established, which it is the purpose 
of the present paper to present and analyse. The two most important 
concern the remarkable abnormalities of sex-ratio, and the degree of 
Mendelian segregation and recombination occurring. The latter point 
will be dealt with in a later paper. The figures are totals and thus 
include and supersede those previously published (Smith and Haig 
Thomas, 1913). 


(2) Ceosses made. Steeility and Eeetility. 


Crosses were attempted between the following 13 species belonging 
to 7 genera of game birds, mostly pheasants: 


Phasianus colchicus 
P. fonnosanus 
P. reevesi 
P. versicolor 
Gennaeus nycthemerus 
G. swinhoei 
G. 'praelaetus 


Thamnalea mnJiersti 
T. -picta 

LophopJiorus impeyanus 
Geriornis caboti 
Nu'tnida mitrata 
Gallus sonneratiis 


Some of the crosses were invariably sterile— i.e. no eggs were pro¬ 
duced; others were invariably infertile—f.e. eggs were laid, but none 
ever hatched, owing apparently to the absence of fertilisation; while 
others were fertile. Great variations, as was to be expected, were found 
in the fecundity (number of eggs produced) of the infertile and fertile 
classes; in the fertility (proportion of dead in shell plus hatched young) 
of the fertile class; and in the embryonic viability (“hatchability”) of 
the fertile class. In addition, certain types of crosses were in some 
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individual oases sterile, in others fecund, other types were in some cases 
infertile, in other cases fertile. This has been indicated in Tables I and II. 

TABLE I. 


($ parent first; number of individuals used in brackets.) 


I. Sterile Crosses. 


(a) wholly sterile in all cases; (y) fecund elsewhere; (y,^) fecund but sterile elsewhere; 

(ya) fertile elsewhere. 


Crosses: 

(a) 


(ri) 

iVi) 


T. amhersti (2) xL. iinpeyauus (1) 

P. versicolor (1) x(G. nycthemerus xswinhoei) (1) 

G. caboti (1) xP. formosanus (1) 

P. colchicus (several) x (P. reevesi x versicolor) (3) 

P. versicolor (1) x P. reevesi (1) 

G. swinhoei (1) xG. nycthemerus (1) (but very poor fecundity) 


Back-crosses: 

(a) (P. reevesi x versicolor) (1) x P. versicolor (1) 

(P. reevesi x formosanus) (1) xP. formosanus (1) 
(y^) P. formosanus (1) x (P. fonno.sanus x versicolor) (1) 

(This hybrid elsewhere fertile in both sexes,) 

l7iier se Grosses : 


(a) 


(yi) 

(yi and y^) 


(ya) 

(yi) 

(yi and ya) 
(ya) 


(P. reevesi x versicolor) (2) x (P. reevesi x versicolor) (4) 

(P. reevesi x colchicus) (1) x (P. reevesi x colchicus) (1) 

{T. picta X [amhersti x (amhersti x picta)]| (4) x brothers (2) 

[(P. amhersti x picta) x picta] (8) x[(P. amhersti x picta) x picta] (0) 

(P. reevesi x formosanus) (2) x(P. reevesi x formosanus) (1) 

(P. formosanus x versicolor) (1) x(P. formosanus x versicolor) (1) 

JG. nycthemerus x [nycthemerus x (nycthemerus x swinhoei)]} (1) 

X brother (1) 

(G. nycthemerus x swinhoei) x (G. nycthemerus x swinhoei) (1) 

(T. amhersti x picta) (fi) x(T. amhersti x picta) (fi) 

(T. picta X amhersti) (1) x(T. picta x amhersti) (1) 

(T. picta X amhensti) (1) x (T. amhersti x picta) (1) (poor fecundity elsewhere) 


II. Ineertilb Crosses. 

(A) whoUy infertile; (B) wholly infertile, but fertile in (lie reciprocal cross; 
(C) same hybrid elsewhere fertile in other similar crosses. 


1st Crosses: produced 

(A) Gennaeus nycthemerus (2) xGallus somiQratus (1) 40 

P. reevesi (2) xL. impeyauus (I) 27 

G. cahoti (1) x L. impeyanus (1) 2 

{[(G. swinhoei xnycthemerus) xswinhoei]} (1) x G. jiraelaetus (1) 5 

(B) P. versicolor (4) X P. reevesi (2) 48 

(C) P, reevesi (2) xP. versicolor (1) 16 

P. reevesi (1) xP. colchicus (1) 11 

P. versicolor (1) xP. formosanus (1) 1 

G. swinhoei (2) x P. reevesi (2) 19 
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TABLE I {continued). 


No. of eggs 

Back-crosses: produced 

(A) P. reevesi (3) x (G. s\vinlioei x P. reevesi) (2) 128 

[(P. formosaiius x verisicolor) x versicolor] (1) x P. versicolor (1) 1 

(P. versicolor X formosanus) (4) xP. formosanus (2) 10 

(P. formosanus x versicolor) $ is fertile 

T. amhersti (3) x[T. amhersti x(amhersti xpicta)] (1) 69 

Reciprocal not made. (J and £1 of same constitution elsewhere fertile. 

(B) (T. amhersti xpicta) (7) xT. amhersti (2) 170 

(C) (P. formosanus X versicolor) (1) xP. versicolor (1) 2 

(G. swinhoei x nycthemerus) (1) x G. nycthemerus (1) 14 

Inter se Crosses: 


(A) (P. reevesi x formosanus) (1) x (P. reevesi x formosanus) (1) 4 

(P. versicolor x formosanus) (3) x(P. versicolor x formosanus) (3) IS 

- (Pa from (P. formosanus x versicolor) is fertile) 

(C) (P. formosanus x versicolor) (1) x (P. formosanus x versicolor) (1) 9 

{G. nycthemerus X [nyc. x(nyc. x swinhoei)]} (2) x brothers (2) 33 

(T. picta X T. amhersti) (2) x (T. picta xT. amhersti) (2) 17 

(T. amhersti x T. picta) (9) x (T. amhersti x T. picta) (9) 184 

(T. picta X amhersti) x (T. amhersti xpicta) 1 


With regard to these points, the results may be briefly summarised 
as follows: 

(1) None of the inter-generic crosses involving LophopJioi'Us, Ceri- 
ornis, Numida or Gallus were fertile. Within the three genera Gennaeus, 
Phasianus and Thaumalea, only two inter-generic crosses were attempted 
{G X P and P x T), both were successful, in one case each. Another 
involving Phasianus and a Gennaeus species-hybrid was sterile. The 
two successful crosses only gave five hatched young in all, and of these 
five, only one, a male, was raised to maturity. This when back-crossed 
to a female of the pure paternal species proved wholly infertile. 

(2) The fertile intra-generic crosses may be divided into three sub¬ 
classes—(i) where the species crossed are only distantly related, (ii) where 
they are moderately closely related, (iii) where they are closely related. 
The first two groups gave 20 to 25 per cent, of hatched young, the last 
about 40 per cent. All the six attempted combinations of Phasianus 
species were fertile except one, which, however, was fertile in the re¬ 
ciprocal cross. The two reciprocal crosses between the two species of 
Gennaeus were both fertile, but the fecundity was much better when 
G. nycthemerus was used as female parent. The two (closely-related) 
species of Thaumalea were abundantly fertile in both combinations. 
Numerous back-crosses were made, and were mostly fertile. As was to 
be expected, a greater proportion of .the crosses than of the back- 
crosses were sterile, although the percentage of fertihty in the fertile 
crosses of the two types did not differ apparently. 
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We may now turn to a consideration of the sex-ratios. Details are 
given in Table 11. The first point that strikes the eye is the almost 
invariable predominance of males. On the total from all offspring of 
species-crosses, the sex-ratio is 67*1 per cent, male on a total of 766 birds 
—a ratio of 204 male : 100 female. 

This preponderance of males is equally marked in the separate groups. 
The percentage of 6<S is 62-7 in the offspring of first crosses, 65*7 in the 
offspring of back-crosses, and 69-1 in the offspring of and later 
inter se crosses. 

' This is an excellent illustration of Haldane’s Rule (Haldane, 1922), 
viz. that where, in the offspring of a species or varietal cross, the numbers 
of one sex are deficient, the deficiency is in the heterogametic sex—in 
mammals for instance the males, in birds and Lepidoptera, the females. 

The excess of males is to be seen in the great majority of the indi¬ 
vidual matings. There are excesses of females only in two cases among 
broods where more than five individuals were sexed. The excess pf 
males also occurs equally in the offspring of distant, intermediate, 
and close intra-generic crosses. As only two individuals from inter¬ 
generic crosses were sexed, no conclusions can be drawn from these. 

The next step is to analyse the sex-ratios further, using the age at 
death as criterion. From the records, it is possible to divide the sexed 
birds into three classes; (1) those which reached maturity; (2) those 
which hatched but died immature; (3) those which died in shell. Those 
of classes (2) and (3) were (in the years 1917 and 1918) not always sexed, 
owing to difficulties during the war; but sufficient numbers, especially 
of (2), are available. The great majority of class (2) died at under 
6 weeks of age, and from natural causes; accidental death accounts for 
very few. 

If we take the figures for the whole lot, we find tha,t the J percentage 
of the dead-in-shell was 62-3, of the dead immature 75-8, and of those 
raised to maturity only 55-1. Owing to war conditions, 22 ? and 51 d 
of the from the T. amhersti x T. picta cross were killed when young; 
these have been included in class (2). But even if we deduct these, the 
percentage for class (2) remains very similar, 77-0 instead of 75-8 (the 
rise would be expected, since if usually more males die young than 
reach maturity, these killed young should include those with expectation 
of reaching maturity and therefore lower sex-ratio). 

The same marked difference between the sex-ratio of classes (1) 
and (2) is seen in every type of mating, that of class (2) (in all lots of 10 
or over) being from 74 to 80 per cent.; of class (1) from 51 to 56, with 
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one exception of 74 per cent. There are many less individuals in class (3), 
and the figures are not concordant. In the hybrids int&r se the ^ ratio 
of dead-in-shell is only 56-3, in the back-crosses it is 83*3 (but on only 
18 specimens). The class (3) (dead-in-shell) average for all matings, on 
69 specimens, has a o' ratio higher by 7*2 per cent, than that of those 
raised to maturity. 

Leaving aside the difierences between classes (2) and (3), it is abun¬ 
dantly clear that the mortality of males is much greater than that of 
females in the early period of life. 

If we take the figures after deducting those killed young, the d per¬ 
centage for all sexed is 67*8, while that for those dying in shell or 
immature is 74-6. That for those hatched dying immature is 77-0. 

The higher earlier o mortality in itself makes it very improbable 
that the abnormally high ratio can be due to difierential mortality; 
further, as pointed out earlier (Smith and Haig Thomas, 1913) in some 
cases such a high proportion of all eggs laid were raised that differential 
mortality is here definitely excluded. 

It is difficult to give any but very hypothetical explanations of these 
facts. I would suggest that very possibly the high male ratio in these 
crosses is due to a true reversal of sex. In Goldschmidt’s Lymantria 
experiments (full references in Goldschmidt, 1927), either intersexual 
females or males (sex-reversed females) were produced in place of normal 
females in the Fi of all matings of a certain type. If a similar process 
occurred in forms like birds, with endocrine control of sex, it would be 
expected that once the critical point was past and the type of develop¬ 
ment switched over from female to male, the endocrine control would 
ensure that all such birds would appear male. 

In Goldschmidt’s work, however, the abnormality only occurred 
when males of “Btrong” races were mated with females of “weak” 
races, and not in reciprocal crosses. We may attempt to see if anything 
of the sort is visible here. Unfortunately the F-^ numbers are not large, 
but it seems clear that T. atnhersti x T. picta gives more dd than the 
reciprocal (65-7 as against 58-0 per cent.); as does G. nycthemerus x 
G. swinhoei than its reciprocal, though the numbers here are lamentably 
small. On analogy with Goldschmidt’s work, we may call amhersti and 
nycthemerus “weak” races (with slow-acting sex-determiners) and picta 
and swinhoei “strong” races (with rapidly-acting sex-determiners). The 
Phasianus F^ numbers are too small to give any indication, but for 
reasons which will be apparent later, it is probable that for mosanus {F) is 
“weak” and versicolor (7) “strong.” If we make these assumptions, then 

16-2 
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we can by analogy with Lymantria make certain prophecies as to sex- 
ratio. Let us call the assumed “weak” species W, the assumed “strong” 
forms /S'. 

(1) The following crosses should give females in defect. 


(A) Gennams 
{W = nyc., /S = swin.) 

Cross Nos. : 

8: TFx<S 
12: (IF xS) xS 
13: TFx(lFx^) 

17: Fx[l'Fx(lFx6f)] 
27: (lFx;g)x(lFxN) 
(29: Fx[PFx(ll"xS)]) 


(B) Tlummalm 
(W = amh., S ~ picta) 


10: WxS 
21: lFx(lFx<S') 

22: (WxS)xS 
24: Of X (IF xjS')] x jS 
30: (IFxN)x(FxS) 


(C) Phasiams 


1: F xV 
19: {FxV)xV 
26: iFxV)x{FxV) 


(II) In the following crosses, $ defect is not expected. 


(A) Gennams 

Cross Nos.: 

9; NxTF 
14: (SxW)x W 
Id: Sx[(WxS)xS] 

15: [Wx(WxS)]xW 
(28: [(Nx TF)xN]x(lFxN)) 


(B) Thaumaka (C) Phasianus 

ll:NxlF 6:FxN 

23:(NxF)xlF 

25: -Sx[Fx(lFx^)] 

31:(NxlF)x(*gxlF) 

(I omit No. 33, which is 
complex, and only gave 
three sexed young) 


The total figures for these classes are as follows (Table III): 


TABLE III. 


(I, $ defect expected; II, $ defect not expected. A, Gennaeus; 
B, Thaumalea; C, Phasianus.) 


Total sexed 


Dead immature 

_A_ 


Ratio of Ratio of 
sexed dead all dead 
immature immature 
as per- as per¬ 
centage of centage of 



Total 



ratio 




ratio 

total 

total 


hatched 

? 

d 

7o 

$ 


V 

0/ 

/o 

sexed 

hatched 

I A 

155 

45 

90 

06-7 

21 

40 

20 

— 

45-2 

52-3 

B 

446 

121 

268 

G8-9 

57 

186 

37 

— 

62-5 

62-8 

c 

74 

17 

59 

77-6 

5 

45 

2 

— 

65-8 

70-3 

Total I 

675 

183 

417 

69-5 

83 

271 

59 

76-6 

6F6 

51-3 

II A 

21 

16 

S 

33-3 

7 

5 

_ 

_ 

50-0 

57-2 

B 

95 

39 

57 

59-4 

8 

30 

2 

—, 

39-6 

42-1 

C 

11 

5 

8 

61-5 

— 

4 

— 

_ 

30-8 

36-4 

Total II 

127 

60 

73 

54-9 

15 

39 

2 

72-2 

44-1 

40-4 


The results are not materially altered if we omit all Phasianus crosses, 
and also crosses 28 and 29. 

From this analysis, the following interesting facts appear. First, 
where defect of females is, on our premisses, theoretically to be expected, 
the c? sex-ratios are not only far above 50 per cent., but also above 
those for the totals. Secondly, the <? sex-ratios are lower wherever excess 
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of ?? is not theoretically expected. In one case they are well below 
50 per cent. (It appears also that the higher the ^ ratio where ? defect 
is expected, the higher it is also where ? defect is not expected.) 

It seems clear therefore that there must be some resemblance be¬ 
tween these species-crosses and those of Goldschmidt’s in regard to the 
existence of “strong” and “weak” sex-determining factors, and that 
part at least of the abnormahty of sex-ratio produced by species¬ 
crossing in pheasants is due to the coexistence of a single strong male¬ 
determining factor (Z-borne) with a weak (if Y-borne) or intermediate 
(if autosomal) female-determining factor or factors whenever a cross of 
the type (weak 9 x strong c?) is made. On the other hand, it seems 
probable that this will not account for all the facts, especially the 
difference in ratio between Gennaeus and Thaumalea in the classes 
where ? defect is not expected. 

We may now return to the question of differential mortality. We 
have just concluded that certainly a large proportion of the 9 defect is 
to be ascribed to birds of 9 chromosome-constitution becoming switched 
over to maleness, as is to be expected by analogy with Lymantria. If so, 
then these birds actually began existence as females and then the male¬ 
determining factor gained the upper hand, with consequent production of 
male hormone and remodelling of sex-organisation. It is not unreason¬ 
able to suppose that this would be a handicap to them in their develop¬ 
ment, and that therefore they would die more readily than other birds. 
If, as is very probable, the switch-over did not occur till near or after 
the end of embryonic life, the birds would be more sensitive when 
immature than as embryos. (In addition, if switch-over occurred com¬ 
paratively late, the proportion of the sexes in embryonic life would be 
nearer equality, and we should therefore not expect, on purely statistical 
grounds, the S mortality ratio to be so high for the embryonic period 
as later.) We might therefore expect a greater mortality among the 
immatures in the crosses where $ defect is expected. This appears to 
be the case, if we look at the last two columns of Table III. It will be 
seen that the proportion of those which died immature, whether measured 
as the ratio of sexed immature-dying birds to total sexed, or of all 
immature-dying birds to total hatched, is considerably higher in the 
crosses where ? defect is expected. That this difference is significant, 
however, we do not like to assert: many other factors might have been 
responsible as well. On the other hand, we should expect this state of 
affairs to be brought about by a marked decrease in the s ratio of 
immature-dying birds in the classes where 9 defect is not expected. 
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This, however, does not seem to be borne out by the facts (see ^ sex- 
ratios for total sexed and dead immature in Table III). It is true that 
the figures for the class II are small, and also that the ratio here is 
below that of the class I; but the result is certainly not concordant 
with our expectation. It is worth while, however, to thresh out possi¬ 
bilities so that future workers may attempt an analysis on the accurate 
lines of Goldschmidt’s experiments. 

It is certain that no early S mortality ratios approaching what are 
found here are obtained in ordinary Mendelian and varietal crosses in 
birds. In fowls, dull (1924) found excess $ mortality before hatching; 
Crew (unpublished data kindly supplied to us), slight excess 3 mortality 
before hatching. It is also important to note that one of us (R. H. T.) 
noted in sexing the birds that the gonads were often abnormal in size 
and form, which may well indicate that sex-reversal was occurring. 
Unfortunately these gonads were not preserved and only rough sketches 
were made at the time. 

It can, however, be stated that late-hatching or weakly-hatching 
chicks and those dying at less than two days of age very frequently 
showed these abnormal gonads. Further, in a considerable number of 
cases a single small ovary was found associated with paired male gonads 
and ducts, the testes in such cases often being abnormally long. Here 
again it is unfortunate that war conditions prevented the histological 
examination of these gonads, but all the facts consistently point to a 
form of intersexuality which is likely to have represented a stage in 
sex-reversal. 

Some of the and F^ males from the nyctliemerus x sivinhoei series 
did not fight when penned together, which, is invariable with normal 
males in such conditions. Possibly these represented incompletely 
reversed females. 

Some extracts from notes made at the time are appended. All refer 
to chicks from Phasianus or Gennaeus crosses. 

(a) Just hatched bird, killed for examination: normal ovary and 
oviduct; testes present, but abnormally large. 

(b) Died at hatching: normal ovary and oviduct and vasa deferentia; 
testes a single large mass. 

(c) Died at two days: small ovary, no oviduct; normal vasa, testes 
fused into a single irregular mass. 

{d) Died young: on left, ovary and oviduct, on right a vas 
deferens. 

(e) Died at two days: very similar to (c). 
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(/) Died young: ovary and oviduct on left side; two vasa deferentia, 
both on right side; no testes noted. 

What doe§ emerge clearly is that a marked upset of sex-ratio occurs 
in these species-crosses, usually in the direction of increased o ratio. 
It is also highly probable that lack of balance between strong (rapidly- 
acting) and weak (slowly-acting) sex factors is at least an important 
cause in effecting this result. The fact of greater ^ mortality in the 
immature stages is also perfectly definite, but the reasons for this are 
less clear, though we think there must be some connection between 
increased c? mortality and sex-reversal. 

The phenomenon of high male sex-ratio in bird species-crosses is 
known in several other cases. It definitely occurs in pigeons, pheasants 
and grouse. In no case in birds where adequate numbers have been 
reared is an excess of females found. Haldane (1922) lays down a general 
rule applicable to all groups that “when in the offspring of a cross 
between two animal species or races one sex is absent, rare, or sterile, 
that sex is always the heterozygous [heterogametic] sex.” As a matter 
of fact, reflection will at once show that this rule is a special case of the 
phenomena to be expected on the general principles of sex-determination 
advanced by Goldschmidt. On these principles, we should actually expect 
that if absence, deficiency, sterility (or other sex-abnormality) of one 
sex occurs after crossing, it should be manifested as follows: (A) in F^: 
(i) in the heterogametic sex in one cross, (ii) in neither sex in the reci¬ 
procal cross; (B) in ^ 2 ' (i) -^2 from cross (A) i, in the heterogametic 

sex, (ii) in F^ from cross (A) ii, in the homogametic sex. 

In some cases, e.ff. Phillips (1916) no excess of males was found, 
and both sexes of F^ males possessed testes, while the Fj females were 
wholly without ovaries, possessing only a rudimentary oviduct. In 
addition, while the F^ females of both reciprocal crosses were without 
gonads (a puzzling fact), those from one cross were henny-feathered, 
while those from the other showed marked approximation to cocky 
plumage. This may very likely represent incipient sex-transformation 
of the females; and presumably it is this cross which would represent 
“weak” $ X “strong” J in Goldschmidt’s terminology. Poll (1921), 
whose paper is not cited by Haldane, gives some further figures. Ho 
generally finds excess of males from hybridisation in pheasants and other 
gallinaceous birds, but little or none from hybridisation in ducks or 
finches. Suchetet (reference in Haldane, 1922), on the other hand, cites 
high male ratios in duck species-crosses; but Phillips (1915, 1921) agrees 
in general with Poll. In answer to queries, he writes as follows, kindly 
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giving information additional to tliat contained in liis paper. He states 
that, as attention was mainly focussed on the males, unfortunately some 
females which died young may not have been recorded. The actual 
figures for four crosses (Mallard x Black Duck, x Pintail, x Florida 
Duck, x Australian Duck c?d) were: 


d ? 


-fl 

80 

76 


116 

83 

Back-crosses from P, 

95 

95 


The only , at all exceptional ratio is that of the F 2 , which gives a male 
percentage of 58. This is not nearly as large as that obtaining in the 
pheasant crosses, and must, for the reasons stated above, be regarded 
as probably in excess of the real male percentage. The figures are for 
adult or nearly adult birds (see below for discussion of this point). 

He also Idndly provided me with sex-ratio data on his various 
pheasant species-crosses, and here too, curiously enough, no male excess 
was noted for crosses corresponding to those recorded in the present 


paper, he finds: 

, ¥ d 

Crosses of T. picta and T. amhersti 21 14 

F., 28 31 

Back-crosses 85 01 

Crosses of 0. nyctliemerus and 0, smnlioei F^ 2 1 

Other Pheasant species-crosses 62 48 

Total 188 155 46-2 % 


On the other hand, this represents the ratio for birds which had assumed 
adult plumage; and we have seen that owing to the great male mortality, 
the male ratio of such birds is always considerably less than the total 
male ratio if all ages are taken into account (see above under Ducks). 

[Postscript. Since the above was written, Mr Phillips has kindly 
provided me with further information on his Thaumalea crosses, which 
enables me to classify them according to the Goldschmidtian hyj)othesis 
above advanced. The results are as follows: 

{W, weak = amhersti; S, strong = picta; $ parent first) 


(A) 

¥ 

8 

(B) 

¥ 

d 

PPx ^ 

25 

26 

aSTx If 

23 

16 

(IfT' X aS) X (If X if) 

8 

12 

(Sx W)x (8 X Tf) 

19 

15 

(Tf X aS) X aS 

8 

7 

(aS X If ) X aS 

10 

8 

If X (If X 8) 

7 

9 

(Tf X aS)x W 

11 

4 

W X {8 X W) 

9 

5 

{8xW)xW 

5 

2 




SxlW x8) 

3 

4 




8 X (8 X W) 

8 

7 



59 


79 

56 
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In (A) $ defect is to be expected on my scbeme, in (B) not. It will be 
seen that as a matter of fact (A) gives a close approximation to sex 
equality, while (B) shows a considerable preponderance of females. 
I.e. the same kind of influence as in the crosses recorded in the present 
paper seems to be at work, but superposed on a general tendency to a 
higher $ ratio. It should also be recalled that Phillips’ birds were only 
sexed at maturity, which would increase the apparent $ ratio.] 

Professor Duerden in a letter tells me that it is extremely difficult 
to obtain accurate sex-ratios in Ostriches, owing to the heavy early 
mortality and the lateness of external sex-diflerentiation, and he there¬ 
fore has no accurate figures for the sex-ratio resulting from crossing the 
North African and South African Ostriches (Duerden, 1919). 

Dr 0. E. Plath of the Bussey Institution, Harvard University, writes 
that the sex-ratio of the canary-finch hybrids raised by Mrs Irelan 
and himself (Plath, 1922) was close to 1 : 1. This refers to mature or 
nearly mature birds. The mortality, both before and after hatching, 
was very high. 


Summary. 

(1) Species-crosses have been made with 13 species of 7 genera of 
game birds, mostly pheasants. A number of crosses were wholly sterile 
(no eggs), others were fecund but infertile. 

Of the fertile crosses, very few fertile eggs were obtained in intra¬ 
generic crosses. Even in intra-generic crosses the percentage of infertile 
eggs was always high. 

(2) The sex-ratio in the inter-generic crosses could not be determined 
for lack of numbers. In the intra-generic crosses there is a marked pre¬ 
ponderance of males (67*1 per cent. S, or more than 200 o : 100 9, on 
766 specimens). This is in accordance with Haldane’s rule. 

(3) If we assume that the excess of males is due to sex-reversal 
during development (as in Goldschmidt’s Lymantria crosses, but with 
the complication of circulating sex-hormones added) we should expect 
that only crosses of one type (those which combine a ‘ ‘ strong ’ ’ A^-chromo- 
some with weak or intermediate female-determining factors) should give 
excess of males, those of the reciprocal type not doing so. When the 
facts are thus analysed, we obtain a ratio of 69-5 per cent, where $ 
defect due to sex-reversal is theoretically to be expected, but one of 
only 64-9 per cent, where $ defect is not to be expected. This is strong 
evidence that the causes of the abnormal sex-ratio are to be sought in 
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an imbalance of male- and female-determining factors, as in Lepidopteran 
consecutive intersexuality. 

(4) The mortality of the sexes in these crosses i.s different, that of 
the males being greater. This excess of male mortality is greatest after 
hatching but before 6 weeks old. The ratio is as follows; dead-in-shell, 
62-3 per cent.; hatched but dying before 6 weeks, 75-8 per cent.; attaining 
maturity, 55-1 per cent. This is possibly to be explained by the reversal 
of sex making the young birds more susceptible to adverse conditions. 
Cases of malformed gonads were not uncommon in the material. 
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Introduction. 

Tee experiments to which this report relates were begun by C. A. 
Jorgensen in the spring of 1924 when visiting the John Innes Horti¬ 
cultural Institution. The grafts made by him were cared for by M. B. 
Crane, who described the chimaeras which subsequently appeared. In 
April-June 1925 and July-August 1926 Jorgensen again visited the 
Institution and collaborated in the descriptive work and made cyto- 
logical observations. 

The grafts were made according to the method described by Winkler 
(1907) and used by him for obtaining chimaeras. The plants were cross- 
grafted and after union had taken place they were cut across in the 
grafted region. Some of the adventitious shoots formed from the surface 
were chimaeras, partly sectorials (Winkler, 1907) and partly periclinals 
(Winkler, 1908). Adopting the same method it is also possible to induce 
tetraploidy (Winkler, 1916). 

The Solanum species used, from which chimaeras were obtained, 
were: S. lycopersicum L. (several commercial varieties: Sutton’s Best 
of All, Balch’s Eillbasket, Early Dwarf Red and Large Yellow), S. sisym- 
brifolium Lam., S. luteum Mill., S. nigrum L., 8. nigrum var. gracile Raddi 
and S. guineense Lam. 8 . guineense is close,to 8. nigrum and often con¬ 
sidered to be a variety of it. 
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Morphology op the Species Used. 

In the following account are described the characteristic features 
of the five species which were used. The descriptions are all based on 
plants grown under similar conditions in a greenhouse. 

(1) S. lycoj)ersicum L. The varieties used in the experiments are alike 
in essential characters. They differ in growth—Early Dwarf Red being 
smaller and more compact than the others—and in the form and colour 
of the fruit. The plants easily reach a height of 1-2 m. and have a strong 
erect stem (Eig. 7). Lateral shoots form, but are of little signifinance. 
The type of branching is described later (p. 254). The stem in cross- 
section is circular or oval. At the base of the leaf insertions it is swollen, 
light coloured and rich in collenchymatoiis tissue. The leaves (Eig. 1 a) 
are dark green and are arranged spirally. They have a short petiole and 
are interruptedly pinnate. The smaller leaflets are simply ovate, the 
larger ones have a lobed or denticulate outline. With the exception of 
the terminal leaflet they are asymmetrical, the basal half being the 
larger. The inflorescences have 7-10 flowers. The sepals are 8-10 mm. 
long, narrow and green; their number varies from 5 to 7. The petals 
are triangular-lanceolate, 18-20 mm. long, acuminate, yellow, with a 
distinct greenish midrib, and are only fused at the base. The number 
of the petals varies according to that of the sepals. The style is shorter 
than the stamens. The stamens are syngenesious and form a cone 
around the style. They are about 10 mm. in length, without filaments, 
and orange-yellow in colour. Their dehiscence is introrse and made by 
splits running from the top almost to the base of the anthers. 

The fruits of different varieties of S, lycopersicum vary considerably 
in several respects. They differ widely in shape, in the number of loculi, 
and in colour. Sutton’s Best of All and Balch’s Eillbasket have rounded 
fruits. Those of Early Dwarf Red are more oblate and somewhat 
angular. The colour of the fruits of these three varieties is red. They 
have red flesh, but the skin is deep yellow. Large Yellow has yellow 
fruits, both the flesh and the skin of this variety being yellow. 

The tomato plant is hairy all over. The hairs are of two kinds: the 
majority are short, capitate secretory hairs, but in addition there are 
many long, straight multicelhdar hairs with a prominent base. 

According to Winkler the haploid chromosome number of the tomato 
is 12, and with this number our own counts agree (Eig. 2). 

(2) S. sisymhrifolium Lam. This species grows from 0-75 to 1-25 m. 
high. The plants have a vigorous erect main stem, and on old plants 
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side shoots frequently develop and grow taller. The stem is green; 
angular in cross-seotion with ribs below the insertion of the leaves. 

In growth and ramification it resembles the tomato. The leaves are 
spirall}'^ arranged, and are about 15—20 cm. long and 9-12 cm. wide, 
with a petiole of 5-6 cm. They are ovate in shape, but owing to deep 
lobing their outline is irregular, and they are best described as pinnati- 
partite. The lobes are asymmetrical, the basal part being the larger 
(Fig. 1 h). 



Fig. 2. Tomato, pollen motlier-pijll in homotype metaphase. 

The inflorescences usually have 9-10 flowers. The flowers are con¬ 
spicuous, measuring 35-40 mm. in diameter. The sepals are small, 
ligulate, 7-8 mm. long and 2-3 mm. wide. They are green and have 
thorns at their base. The petals are 16-lQ mm. in length and are fiused 
to about half their length (Fig. 1). Their margin is crenate, and wlien 
first open they are almost white, turning later to a faint bluish purple 
colour. The midribs of the peta,ls are yellow and form a central star. 
The flowers, contrary to those of the other species, are slightly zygo- 
morphic. In connection with this the five stamens are of unequal length, 
measuring from 7 to 10 mm. The filaments are 1 mm. long. The anthers 
are quite free and yellow in colour, and dehiscence takes place by a 
small round opening at the apex. The style is long with a green flattened 
stigma. 

The fruit is mainly enclosed in the persistent sepals; the basal thorny 
part of the calyx develops considerably during the growth of the fruit. 
When mature the fruit is 15-20 mm. long, orange-red in colour, ovate 
and slightly angular. 
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Tile plants are very hairy. The majority of the hairs are secretory, 
but in addition they have many spiny hairs. These spines are from 
5 to 10 mm.' in length and are confined to the stems, petioles, main veins 
of the leaves and to the pedicels and sepals of the flowers. 

The haploid chromosome number of S. sisymbrifolium is 12 (Fig. 3). 

(3) S. luteum Mill. {S. tomentosum Lam.). Under the conditions 
given the individuals of this species grow to a height of metre, and 
in habit and type of branching resemble S. nigrum. The main stem is 
short and divides into two branches which again divide irregularly; 
numerous small shoots are formed. In cross-section the stem is circular 
or obtuse angular, and the ribs from the base of the leaf insertion are 
inconspicuous. The stem is green with an occasional faint purple tinge. 



Fig. ,3. S. sisymbrifolium,, hoinotype metapluxse in pollcni mothoi'-oell. 

The leaves (Fig. 1 c) are spirally arranged but pseudo-opposite on the 
flowering stems; they are petiolated and ovate in shape and have rather 
a distinct denticulated outline. There are 5-9 small flowers in an in¬ 
florescence. The sepals are small, ligulate, 12 mm. long and green. The 
petals are broad and triangular, and white in colour with a small yellow eye 
in the centre of the flower 15-17 mm. in diameter (Fig. 1 c). The stamens 
have a filament of equal length to the anther (2 -1- 2 mm.). They are bright 
yellow and the dehiscence takes place by small openings at the apex. 
The stamens are quite free and do not form a tube as in the tomato. 
The fruits are globose, 5-8 mm. in diameter and bright orange in colour. 
The skin is transparent and in mature fruits the seeds are visible through 
the skin. The plants are covered with numerous short glandular hairs. 
The haploid chromosome number of S. luteum is 24 (Fig. 4). 

(4) S, nigrum L. In the greenhouse the individuals of this well- 
known plant are smaller and less branched than when growing wild. 
The branching is almost pseudodichotomous, and numerous small shoots 
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develop from the axils of the leaves (Mg. 7). The main stem is short, 
circular in cross-section, and occasionally has inconspicuous ribs at the base 
of the leaves. The stem is bluish purple owing to epidermal anthocyanin. 
The leaves are arranged as in, S. luteum and become pseudo-opposite in 
the flowering stems. Sometimes they are simply ovate, but usually 
the margin is slightly dentate (Fig. 1 d). The infl.orescences have 5-11 
flowers. The flowers are 8-9 mm. in diameter; the sepals are short and 
obtuse; the petals are ligulate, almost free, 3-4 mm. in length, and white 



Fis;. 4. S. luteum, heterotypic anaphase in|pollen mother-coil. 



Fig. 5. 8. nigmm, liomotypic metapliaae. 


in colour with a yellow spot at the base (Fig. 1 d). The stamens are 
3-4 mm. in length and have short filaments; the anthers are bright 
yellow and their dehiscence takes place by a circular opening at the 
tip. There is no staminal tube. The fruits are globose, 5-8 mm. in 
diameter^ shiny and bluish black. The plants are almost smooth, but 
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a few scattered hairs occur on the stem and on the veins of the leaves. 
The haploid chromosome number was 36 in Winkler’s count, and with 
this our material agrees (Fig. 6). 

In addition to plants of typical S. nigrum, plants of S. wigrum var. 
graoile Baddi were used in the experiments. They are very close to 
S. nigrum, the most salient differences being a more slender growth and 
leaves more even in outline (Fig. 1 d). The haploid chromosome number 
is 36, as in S. nigrum. 

(5) S. guineense Lam. This species is often looked upon as a variety 
of S. nigrum (cf. Index Kewensis). It is however a distinct type, and is 
for convenience considered by us as a species. The plant is in all parts 
larger than S. nigrum and often reaches a height of 0-75 m. The main 



Fig. 6. S. guincen.se, heterotype inetaphase in pollen niotliei’-cell. 

stems are strong and angular, with prominent ribs and furnished with 
thorny hairs. The larger stems are bluish in colour, the smaller ones 
green. The type of branching is as in S. nigrum. The leaves are deep 
green, large, ovate and acuminate and have a simple outline (Fig. 1 e). 
The inflorescences and flowers are like those of S. nigrum, only larger. 
The diameter of the opened flowers is 12-15 mm. The anthers when 
young are a yellowish brown, and turn a deeper brown with age, not 
yellow like those of S. nigrum. The style is the same length as the 
stamens. The fruits are globose, 8-12 mm. in diameter, and intensely 
black when ripe. The plants have very few hairs, those that are present 
occurring mostly on the stems and veins of the leaves. The hairs are 
short, and those on the stems have the character of small thorns. 

Journ. of Gen, xviii 
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Tlie haploid chromosome number of S. guineense is 36 (Fig. 6), the 
same as that of S. nigrum. 

The branching of the flowering shoots of Solaniuris is sympodial. 
In the varieties of tomato used in these experiments and in S. Hisgmhri- 
foli'um. this is only seen in the peculiar irregular way the inflorescences 
are adnated to the apparent main stem and their relative positions dis¬ 
placed; yet the leaves have a uniform spiral arrangement, ii,nd lateral 
growth appears in a regular order. The other species are more complex 



and show a further development of this character, in that eacli alterniite 
leaf on the flowering shoots is carried up the main axis to the level of 
the leaf above, and appears as a smaller leaf opposite to the upper 
larger one. 

In the table on p. 255 the most salient characters of the species are 
summarised. 



S. lycopersicum S. sisymbrifolium 8. luteum 8. nigrum 8. guinemse 

Approximate 

height 2 m. 1 m. 0-5 m. 0-5 m. O'75 m. 

Leaves Spirally arranged,lobed, Spirally arranged, deeply Spirally arranged, but S 2 )irally arranged, pseudo- Spirally arranged, ovate 
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8. nigrum var. gracile has slenderer gron-th than S. nigrum and leaves more even in outline. In all other respects it is very similar to 8. nigrum. 
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Foemation and Development oe Chimaeras. 

As previously mentioned, the method employed by ns for producing 
the chimaeras was the same as that used by Winkler (1907). The main 
shoots of young and vigorous plants of the two species concerned were 
exchanged by grafting, and after they had united the plants were cut 
across at the point of union and all subsequent axillary shoots removed. 
The plants were “"cleft-grafted,” and when cut down the tissues were 
exposed on the cut surface as shown in Fig. 8—the white area, repre¬ 
senting the stock, and the black area part of the scion. 



Pig. 9. Cross-sections of stems of diflei-ent tyjjc.s of chimneriiH: 
a, perieliiiiil; b, seetorinl; c and d, mericlinal. 

Callus is produced by the cut surface and from this young shoots 
differentiate. Most of these are pure, and consist of uniform tissue of 
one or other of the species used, but from parts of the surface whore 
the two tissues unite shoots occasionally arise in the formation of which 
both specific tissues take part. The chimaeras formed are either peri- 
clinal or sectorial. The last term is however used for different types of 
chimaeras, and before we describe the chimaeras obtained from, the 
experiments a brief digression on this point is necessary. 
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A periclinal plant lias its interior completely covered by a skin of 
another type which may be one or more cell layers thick. Fig. 9 a shows 
a cross-section of a young stem of such a plant. The leaves are all alike 
and to some extent intermediate in shape between those of the two 
species of which the plant is composed. When these plants are fertile 
their progeny reproduce only the character of that forming the sub¬ 
epidermis. 

In a sectorial plant a sector (of the stem) is formed of tissue of 
another species or type (Fig. 9 b). Such a plant will have three types 
of leaves, some of the type of one species, some of the other and a few 
sectorial. The sectorial leaves form in the region of the stem where 
the two tissues meet, the two parts being divided by a longitudinal line. 

The third type is shown in Fig. 9 c and d. These plants have the appear¬ 
ance of sectorials and were generally considered as sectorials also by 
Winkler, although his definition (1914) of sectorials as plants “bei denen 
die verschiedenartigen Zellen im Vegetationspunkt durch Langsfiachen 
voneinander getrennt sind” is quite in accordance with ours. A plant 
however that has on the stem a stripe of tissue, a few cell layers thick, 
of another species, is not a sectorial in the true sense of the word, although 
it has hitherto been looked upon as such owing to its external appear¬ 
ance. Fig. 9 d shows how this misconception may have arisen. The type 
is actually closer to the periclinals and is best looked upon as an incom¬ 
plete periclinal. As these plants, however, represent a distinct type, 
C. A. Jorgensen has proposed for them the name “mericlinal.” Fig. 9 c 
is a cross-section of a young stem of a mericlinal plant. The leaves will 
be partly uniform tissue of one species, partly periclinal, and partly 
(from the region where the tissues fuse) mericlinal. 

Some well-known examples of periclinal plants are Gytisus Adami, 
the Crataego-Mespili, many variegated plants, Bouvardia and Pelar¬ 
gonium; the structure of the two last-named plants was made evident 
by root-cutting experiments (Bateson, 1916). Sectorials of the type to 
which the term is restricted in this paper are of very rare occurrence. 
The plant first obtained by Winkler (1907) appears to have been one, 
and a few Pelargoniums are also known. The large majority of plants, 
however, hitherto mentioned in literature as “sectorials” are mericlinals. 
Chimaeras of this type are quite common, sometimes as whole plants, 
often only as shoots or even as flowers or fruits. 

The number of cross-graftings made was 260. Adventitious shoots 
were formed abundantly throughout the summer and autumn. Even 
in the following spring, almost a year after the grafts were made, some 
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of the stocks continued to produce adventitious shoots. It is, however, 
noteworthy that the original callus produced on the cut .surface of tire 
grafted plants commonly developed irregularly. Tlie CixlliLS on tlie 
separated parts of the stock—the white areas shown in Fig. 8—and that 
on the scion frequently failed to coalesce. This was probably due to 
shrinkage occurring after the plants were cut down, as a slight cleavage 
frequently developed between the different tissues. After the first batch 
of adventitious shoots was removed the surface of the original callus 
on the majority of the plants was shaved off with a xazor. More 
callus tissue was formed and a greater unity between the surface of the 
specific tissues resulted. Young shoots again differentiated, and it was 
among this second batch that the majority of the chimerical forms were 
obtained. Quite a number of periclinals appeared, but we did not .succeed 
in obtaining a complete series of periclinals between any of the species, 
such a,s Winkler obtained and described from his S. lycofersicum-nigrtm 
experiments. 

In addition to the five species previously mentioned, S. lycopersicwm, 
S. sisymbrifolium, S. lutenm, S. nigrum and S. guineense, a number of 
other species were used in the experiments, but although they were 
subjected to the same treatment they failed to produce shoots from which 
chimaeras could be established. In a few cases shoots formed which 
had small mericlinal areas, but they soon developed into growth which 
was pure for one of the species used. 

The chimaeras obtained by us are shown in the following scheme in 
which the first name indicates the interior and the second the skin. The 
number of layers in the skin is indicated by the Rotnan numeral. 
Winkler gave his plants new names, but this was before the rea,l, nature 
of the plants was known, and with our present knowledge we think it 
best to designate the plants as in this paper. 

S. lucopersimm — fe'. lycopcrsicuni- — 

(tomato) nigrum (ii) 

j, S. lycopersiewn- S. lycopersicwm- — 

guineense. (i) guinecwic (ii) 

» S. lycopersicuiii,- »S'. lycopersicwm- aS'. luieum- 

I'Utemn (i) lufemu (ii) lycopersicum (i) 

S. sisymhrifolmm — — nigrum- 

sisyrnbrifolium (i) 

The majority of the adventitious shoots formed were of course pure, 
i.e. wholly composed of one or other of the two speciCiS used to form the 
composite cross-grafted plants. The others were from the start meri¬ 
clinal, and ii is noteworthy that in these, experiments a complete periclinal 


s', nigrum 

guimmse 

A', luieum 

;S'. nigrum 
var. gracile. 
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shoot was never observed to arise directly from the cross-grafted ^plants: 
Winkler does not discuss in detail tke formation of his ckimaeras, but we 
think this point is of some importance. With, Fig. 8 in view it is evident 
that when a callus develops from the surface, the shoots formed at the 
juncture of the two tissues will have a structure of a sectorial type if 
both tissues take a substantial part in their formation, but as a rule 
the part played by one of the component tissues is a minor one, and 
consequently the composite structure that results is usually the meri- 
clinal. In Plate XI, figs, a-d, the base of the stem of four primary shoots 
is shown. In all four the merichnal structure is evident. The plant in 
Fig. a grew into pure tomato, but on the stem a stripe of luteum tissue is 
seen. That this luteum stripe is only one cell layer in thickness is clearly 
indicated by the side shoot which developed, and became a pericKnal 
of the type 8. lycoptersicum-luteum (i). In Fig. h, the stripe is guineense 
tissue over tomato, and again a one-layered periclinal side shoot formed. 
The stem of the plant in Fig. c has a stripe of tomato tissue on which the 
long conspicuous tomato hairs are evident. All the interior of this plant 
is tomato, and the plant soon turned into a periclinal of the type S. lyco- 
'persicum-guineense (i). Fig. d is also a good example of a mericlinal, 
and the fact that the guineense stripe on the stem is only composed of 
one layer is evident from the periclinal axillary shoots. In Solanums 
the mericlinal condition is not stable; this can only occur when the cell 
divisions in the meristematic tissue of the stem are regular. In Solanums, 
as mentioned before, the branching is sympodiai, the successive main 
axes terminating in inflorescences and being replaced by new ones arising 
laterally. When an inflorescence develops, a new growing-point from 
which the next stem arises is formed from that part of the stem which 
is opposite the inflorescence. Consequently, if this part happens to be 
covered by the skin of the other species a perichnal is formed, otherwise 
the main shoot will be pure for one of the species used. The sympodiai 
type of branching is thus in our opinion of fundamental significance in 
the formation of periclinals from the callus. In a species with monopodial 
growth, periclinals are hot likely to be produced in this way, but only 
as axillary shoots from the covered part of the mericlinal main shoot. 

Morphology op the Chimaeras. 

The history and structure of the chimaeras obtained in these experi¬ 
ments are given in the following pages. They are referred to in the 
same order as in the scheme detailed on p. 258, the one-layered forms 
being mentioned first, then the two-layered, etc. 
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1. S. lycopersicum-guineense (i). From cross-grafting tomato Early 
Dwarf Red on S. guineense and vice versa, two plants of this type were 
obtained. Several individuals were formed later, e.g. the shoots shown 
on Plate XI, figs, b and d. As mentioned in the introduction, S. guineense 
is very similar to 8. nigrum, consequently these chimaeras do not differ 
much from Winkler’s 8. Koelreuterianum. Both plants were mericliiial 
at the beginning, and one is figureld on Plate XI, fig. c. Part of the first 
leaf was wholly tomato, and part had one layer of guineense over tomato; 
the third and all subsequent leaves were periclinal. The plants are in 
most characters similar to tomato. The most salient difference is the 



lack of hairs, the chimaeras having the almost smooth skin of 8. guineense 
(Plate XII, fig. 1). The plants have in many respects the appearance of a 
seedling dahlia; their growth is noticeably slower than that of the 
tomato, but the thick erect stem and the type of branching is like that 
of tomato. The leaf differences are best seen on a merichnal leaf such 
as that shown in Fig. 10 a where the left side is pure tomato and the 
right is covered with a one-layered guineense skin. On this side the 
leaflets are smaller, more sharply dentate and fewer in number. The 
asymmetrical terminal leaflet is characteristic. A typical leaf is shown 
in Fig. 10 6. The colour is dark green; the inflorescences are mostly 
opposite a leaf and have the same number of flowers as the tomato. 
The number of sepals is usually six or seven, their length is 5-6 mm. and 
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they are broader than those of the tomato. The petals are 8-10 mm. 
long, and the opened flowers have a diameter of 18 mm. In shape they 
are like tomato petals, but they differ in colour. They have broad white 
margins, but the middle of the lamina from base to tip is yellow (Plate 
XVI, fig. 2, h 2). The stamens are widely separated and have a short 
filament, but the anthers are similar to those of the tomato in shape. 
The pistil is large, rather short, and persists on the young growing fruit. 
The fruits are like tomatoes in shape except for the apical point formed 
by the persistent style (Fig. 11). They are, however, quite different in 
colour, being blackish purple mottled with dull red. The seeds are very 
tiny and non-viable. The mucilaginous layer is black and the central 
part is red. The chromosome number in the reduction division of these 
plants was not counted in 1925, and in the winter of 1925-6 the plants 
of this type died. 



Fig.il. oi S. lyco'pejrsiexim-gnine.ense {{). 

2. S. lyco'persicum-luteum (i). Plants of this type arose several times 
in the experiments. The plant described here is shown on Plate XII, fig. 2, 
and resulted from grafted 8. luteum, on tomato Sutton’s Best of All. 
The young shoots from which the plants of this type developed were 
all mericlinal at the base, but they soon developed into the periclinal 
condition. In general the plants resemble the tomato, having a definite 
main stem, the same type of branching, erect growth and divided leaves. 
They are also hairy, but the coat consists of the short delicate hairs of 
S. luteum. The leaves (Fig. 12), although divided, differ considerably 
from tomato leaves. They often have only one pair of side leaflets and 
never more than two, whereas the tomato has three or more. The 
leaflets are also broader, more sharply dentate and thicker than those of 
tomato. 

In their early stages the plants of this type are characterised by 
their extremely slow growth, but they continue to grow, and under 
favourable conditions have eventually reached a height of 2 m. The 
plants have not yet flowered; minute inflorescences occasionally form. 
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Ibut they always fall long before the flowers develop. As a result of the 
internal diversity between the two components of the plant, areas of 
cork tissue form on the stem where these diminuti ve inflorescences appear. 

From analogy with the previous type it is evident that the luteum 
skin of this type is only one layer thick. No cytologioal analysis has 
been made at present. 



3. S. nigrum-sisymbrifolium (i). The nigrum plants in this combina¬ 
tion are of the var. gracile Raddi (see Fig. 1). The chimaera arose several 
times in the experiments, and is a very interesting and quite a decorative 
plant. In growth it is intermediate between the two species of which 
it is composed, being more branched than sisymhrifolium and taller 
than nigrum (Plate XIII, fig. 1). The stems are dark green with an occa¬ 
sional bluish anthocyanin tinge. The ramification is like that of nigrum 
and the leaves are pseudo-opposite. Many short lateral shoots develop, 
which, after producing a few leaves, terminate in an inflorescence. The 
inflorescences on the main shoot frequently arise at the node between 
the leaves. 
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The leaves (Fig. 13) are petiolated, ovate, similar to those of gracile in 
shape, but are characterised by their sharply dentate or lobed margins. 
The inflorescences usually have 2-6 flowers. The flowers are peculiar and 
far from being intermediate between the species. The sepals are short 



Fig. Leaves of S. 7ilgrwn-sisy7nbrifQlimn (i), fruits of sisymbrifolium (left), 

B. nignim-m-synthrijolium, (i) (centre), and 8. nigrmih var. gracile (riglit). 

(3-4 mm. long by 1-1-5 mm. wide), ligulate and green. The petals are 
almost spathulate with a short stalk and a large oval lamina 10-12 mm. 
long by 6-7 mm. wide. They are free almost to the^ base like those of 
8. nigrum, and the lateral parts being mainly composed of 8. sisymhri- 
folmm tissue grow to a considerable size. When first open they are 
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white, but they soon develop a bluish purple colour, a characteristic of 
8. sisymhrifolium. The filaments and anthers are approximately equal 
in length; the anthers are free, 4-5 mm. long, bright yellow, dehisciag 
through an apical pore. The pistil is very long, curved iind a lit.th^ 
flattened on the surface. 

The plants are very hairy. The hairs are secretory, and spines occur 
which are distributed as in 8. sisymhrifolium. The spines are, however, 
greatly reduced and though at the base they are almost as large a,s those 
of 8 . sisymhrifolium, they are very short. This chimaera is less stable 
than any of the forms we have obtained. Frequently the core breaks 
through the skin and pure 8. nigrum, var. gracile shoots ultimately 
appear. This breaking commonly occurs also in the inflorescence, conse- 



Fig. 14, HeteTotypic metaphaae in pollen mollier-cell of 
*9. nigriim-sisymhrifolimti (i). 

quently many fruits form which in varying degree are mericliual. The 
fruits are black, and are shown in Fig. 13, The sepals tend to enclose 
the fruit as in sisymhrifoliimi {nigrum sepals curve backward away from 
the fruit). The fruits contain a number of well-developed seeds which 
on germination give, as would be expected, plants Mhioh are 8, nigrum 
var. gracile. 

The reduction division of the pollen mother-cells shows 36 chromo¬ 
somes as in 8. nigrum. This and the breeding results show that the 
8. sisymhrifolium skin is only one layer thick. 

4. 8. lycopersicum-nigrum (ii). This chimaera resulted from graft¬ 
ing tomato var. Balch’s Fillbasket on 8. nigrum, and corresponds to 
Winkler’s 8. Qaertnerianum. Plate XIV, fig. 1, shows the plant at an early 
stage, and it is evident that both in shape and in the absence of hairs 
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the leaves resemble S. nigrum much more than the tomato. They are 
however curiously buckled, which is doubtless the result of differential 
growth of the two component tissues. In the two-layered periclinals in 
which the species forming the external component has a comparatively 
small and simple leaf, and the internal one a large comj)Ound leaf, the 
phenomenon of buckling seems to be a prominent characteristic, e.g. it 
is very much marked in 8. lycopersicum-iuteuni (ii) (see p. 267). S. lyco~ 
persioum-nigrum (ii) shows erect growth with a vigorous main stem of 
which the surface is uneven and dark green. The type of branching 



Fig. 1.'). Leuivcs of S. lijcoiKrsicum-nirjrum (ii). 


resembles that of tomato, and the inflorescences appear at the nodes. 
The leaves, although nearer to S. nigrum than S. lycopersicum, are almost 
monstrous and very irregular in shape. The young leave.s are uniformly 
green, but as they develop the lamina bleaches and yellowish areas are 
formed. This change is due to diminution in the size of the chloroplasts. 
Plate XIV, fig. 2, shows that the distribution of these yellowish areas 
depends upon the main venation of the leaf—see also S. lycopersicum- 
guineense (ii). Winkler does not describe this peculiarity, it therefore 
seems probable that it did not occur in his plants. This suggests that 
chimaeras of the same structural combination are not always identical. 
Such variations are probably attributable to differences between the 
different varieties of B. lycopersicum used. 
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The inflorescence is similar to that of tomato and, h:is 5-8 flowers. 
The shape of the flower is perha,ps nearer to S. 'nigrum, hut in general 
it is intermediate between the two species (Plate XV.1, fig. 2, c 1). The 
petals are whitej but in the centre they have a faint yellow stripe. The 
supernumerary leaflets are derived from the tomato. Although the plant 
was healthy and grew vigorously in the summer of 1925 the flowers 
dropped without developing fruits. The flowers on Winkler’s plants of 
this type failed to form fruits at first, but subsequently they produced 
some with viable seeds which gave pure 8. nigrum seedlings. 

The haploid chromosome number in the reduction division of the 
pollen mother-cells is 36 (Pig. 16), the same as in 8. nigrum, showing that 
in this chimaera the two outermost layers at least are composed of 8. 
nigrum tissue. 


m 

••••••I* 


Fig. 16, Hoterotypie metaphase o£ S. lycopersicum-nifjrum (ii). 


6. 8. lycopersicum-luteim (ii). Several plants of this typo were formed 
from the callus produced on the cut surface of the cross-grafted plants. 
They all began as mericlinals, as shown in the plants figured in Plate XIV, 
fig. 3. The two lower leaves are partly composed of one layer of lutewni 
over tomato and partly of pure lutemn, while other leaves seen behind 
are wholly composed of luteum tissue. The leaf in front has, however, 
two layers of luteum over tomato, and the plant ultimately I'ormed a 
chimaera of the type 8. lycopersicwmduteim, (ii). Plato XV, fig. 1, is a 
photograph of the same plant at a much later sta,go, and shows that 
the main shoots have remained constant to the lycopermmm-lutmmi (ii) 
type, but from the base of the main stem shoots of another type, 
8. luteum-lycopersicum (i), have developed. On the plant shown in 
Plate XV, fig, 2, a tomato leaf is seen at the base, and a shoot of pure 
8. luteum has broken out from the main stem. In both of these plants 
it is evident that the development of shoots of a different type is due to 
their primary meriolinal structure. 

The plants of this type are in size and growth somewhat intermediate 
between their two components, but although produced at approximately 
the same time and subjected to similar treatment they differ in habit. 
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Two of them, in whicti tiie tomato is the var. Balch’s Tillbasket, are 
identical, but in the others the variety of tomato which composes the 
core is Sutton’s Best of All, and these differ in having a more vigorous 
and erect growth and fewer axillary shoots. They also fail to produce 
flowers (Plate XV, fig. 2). This shows that the variety of the tomato 
may have a considerable influence on the appearance and structure of 
the resulting chimaeras, and doubtless this accounts for some of the 
differences between the chimaeras described in this paper and those of 
Winkler. 



Fig. 17. Leaves of iS'. h/copcrsicum~kttcuvi (ii). 

The skin of the plants is covered with the com23aratively short hairs 
of S. luteum, and in general the jjlants are nearer to this species in 
appearance. The main stems of the plant are rather thick and cylin¬ 
drical, and branch comparatively freely, but the branches are more 
stiff and erect. In many characters the leaves are like those of the 
corresponding chimaeras between S. lyco-persicum and S. nigrum. They 
are normal green, have long petioles and buckled laminas. The venation 
is peculiar (Pig. 17 a and 6), the main bundle only reaches the middle 
of the lamina and then divides into several branches approximately 
equal in size. The leaves of the plants in which the tomato component 
is Balch’s Pillbasket are always of the shape illustrated in Pig. 17 a, 
but in those containing Sutton’s Best of All subdivided leaves, or leaves 
with a single free leaflet, are not uncommon (Pig. 17 &), 

The shoots with the typical buckled leaves are not able to form 
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flowers, and such plants as that shown in Plate XV, fig. 2, never attempt 
to flower. On other plantvS, however, shoots are formed with flat leaves 
which have very long petioles, and these produce flowers and fruits. 
Their inflorescences, flowers and fruits are identical with those of 
S. luteimi. 




Pig. IS. Heterotypic meta])hasc of hjcojKrsicum-lutcum (iij. 



From analogy between this type and the 8. lycoperdcuni-nignmi (ii) 
chimaeras, it is clear that in these plants two layers of 8 . luteum are 
outside a tomato core. The chromosome number in the reduction division 
of the pollen mother-cells is 24 (Fig. 18), as in 8 . lutCAmi. 

6. 8. lycopersicum-guineense (ii). This plant was obtained from graft¬ 
ing 8. guineense on tomato Early Dwarf Red and as shown in Plate XV, 
fig. 4, it began as a mericlinal. The first leaf is divided like those of 
tomato, and is composed of one layer of 8. guineense over tomato; all 
the following leaves have two external layers of 8. guineense. Except 
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for the practically smooth surface of S. guineense the chimaera is nearer 
to tomato. The stem is thick, erect and somewhat uneven on the surface, 
and the leaves are spirally arranged as in the tomato. The shape of 
the leaves is peculiar, the lower ones being three lobed with a large 
median part (Fig. 19 a and b) while the others usually have a pair of 
quite free leaflets (Fig. 19 6 and c). On the leaves stripes of a peculiar 
shiny green are often evident, and are represented in the figures as 
dotted areas. The leaves are buckled, but the upper surface is concave 
instead of convex as in the two-layered types previously described. 

The inflorescences and flowers are hke those of lycopersicum- 
nigrum (ii) and so far no fruits have formed. 



Fig. 20. Metaphase-plates from roots of S. lycopersicum-gumee.nse (ii). 

About 48 chromosomes. 

Cytological examination of the root tips show that the tomato core 
of this chimaera has about 48 chromosomes—see Fig. 20—instead of 
the normal diploid 24 of the tomato. Since all the tomato plants used 
in the experiments were normal diploids we must conclude that doubling 
of the chromosome number took place in the meristematic callus tissue 
formed on the cut surface of the cross-grafted plants. 

7. S. luteum-lycopersicum (i). The two axillary shoots from the meri- 
olinal base of the plant shown in Plate XV, fig. 1, gave rise to chimaeras 
of this type, and another rose independently from the cut surface of a 
cross-grafted plant. 

The plants are in growth very similar to S. luteum, but readily dis¬ 
tinguished from it by their long tomato hairs (Plate XVI, fig. 1). The stems 
are slender and branch freely, and in colour are bright green, although 
Balch’s Fillbasket, the tomato which forms the skin, develops much 
anthocyanin. The leaves are ovate and of about the same size as those 
in S. luteum. The sepals are green, small and linear. The petals are 

Joum. of Gep. xvin IS 
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lanceolate-linear and free almost to the base, whereas those of S. luteum 
are united up to half their length. They are uniformly yellow, but not 
quite so deep a yellow as those of the tomato. The filaments and anthers 



Fig. 21, Leaf of & luteum'lycopersimm (i). 



Fig. 22. Fruits of (a) S. hiteum, (b) S. luteum-lycopersicnm (i), and (c) 8. lycopersicum. 


*lj*»*< 


Fig. 23. MetapLase in pollen mother cell of 8. luteum-lycopersicum (i). 

are about equal in length; they remain together but are not fused like 
those of the tomato. This is the only type we have obtained with the 
external layer composed of tomato, and the only chimaera which has 
the strong characteristic smell of the tomato. This chimaera produces 
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fruit freely. Tlie fruits are a little larger than, those of S. luteum and 
are opaque yellow in colour, the opacity being due to the tomato skin. 
The sepals adhere to the fruit, whereas in the tomato and in 8. luteum 
they bend sharply backwards away from the fruit (Fig. 22). The fruits 
contain very poorly developed seeds of which the majority fail to 
germinate, but about 200 seedlings have been raised. In the early 
stages they are slender and very slow-growing, but later they develop 
into normal 8. luteum plants. The reduction division of the pollen 
mother-cells shows 24 chromosomes (Fig. 23) as in 8. luteum, indicating 
that in this chimaera there is only one epidermal layer of tomato. 

Somatic Instability of Periclinal Chimabras. 

After formation of the various chimaeras perichnal shoots were taken 
from them for propagation, and a number of plants of each type were 
raised and grown on. Many of the plants have remained constant to 
their periclinal structure, but some have developed growth of a different 
type and the following summarises the somatic rearrangements that 
have occurred during the two years they have been under observation. 

Periclinal chimaera Somatic rearrangement 

(S', nigrum var. gracila-sisymbrifolium (i) Commonly gives pure S. gracile 
8, lycopersicum-guineanse (i) . Has on one occasion given pure 8. lyco- 

persicum 

8. lycopergicum-luteum (i) Has on three occasions given pure 8. lyco- 

persicum 

„ (ii) Has twice given 8 . lycopersicum-lutRum (i) 

and once pure 8 . lycopersicum 
8. luteum-lycopersicum (i) Fre(juently gives pure 8. lutmm 

8 , lycopersicum-lutmm (ii) Frequently gives pure 8 . lutmm 

It is noteworthy that six of these somatic changes are due to the 
loss of one or more layers of the species forming the skin. The seventh 
example is however peculiar and more complex, involving the develop¬ 
ment of 8. lycopersicum-luteum (ii) into pure 8. luteum. It must be noted 
however that this periclinal first develops transitional shoots with flat, 
petiolated and comparatively small leaves (see Plate XV, fig. 3); and 
although no definite statement can be made the general appearance of 
such shoots suggests that they may possess three or more external layers 
of 8. luteum. 

Some of the periclinals of the type 8. nigrum-sisymhnfolium (i) are 
more stable than others, cf. figs. 1 and 2 in Plate XIII. The differences in 
the behaviour of these chimaeras are probably due to differences that 
occur within 8. sisymbrifolium. The plants of 8. lutemn, 8. guineense. 
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8. nigrum and 8. nigrum var. gracile used in the experiments were ex¬ 
tremely uniform, but those of 8. sisymbrifolium varied in minor respects, 
some being much more spiny than others, while diSerenoes also occurred 
in the lobing and size of the leaves as well as in the depth of the flower 
colour. 

A paper on the anatomy of the chimaeras, together with further details 
of morphological interest will be published later by C. A. Jorgensen. 

Both the authors acknowledge the deep debt of gratitude they owe 
to the late Mr W. Bateson for the encouragement he constantly gave 
them. C. A. Jorgensen is also indebted to the Council of the John Innes 
Horticultural Institution and to the Councils of the Carlsberg and Rask- 
Orsted Foundations in Copenhagen for grants enabling him to visit the 
Institution during three consecutive summers in order to continue the 
investigations. 
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EXPLANATION OF PLATES. 

Plate XI. 

Pigs. a-d. Showing the mericlinal condition of the basal j)art of four adventitious shoots, 
pig. a. Combination of S. lycopersicum and S. lutmm. 

Pigs. i-d. Combination of S. lycopersicum and S, guineense, 

Plate XII. 

Pig. 1. Young plant of S. lycopersicum-guineense (i). 
pig. 2. Young plant of S. lycopersicum-lutmm (i). 
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Plate XIII. 

Pig. 1. A chimaera of the combination S. nigrum var, gracile-sisymbrifolium (i). 

Pig. 2. Another plant, showing pure gracile growth which has broken out from the top. 
Pigs. 3 and 4. Flowers of the chimaera, showing their peculiar structure. 

Plate XIV. 

Pig. 1. Young plant of the combination 8. lycoperaicum-nigrum (i). 

Pig. 2. Leaves of the same chimaera; note differences in the green colour. 

Pig. 3. Adventitious shoot, at the commencement mericlinal, now developed, into a 
. periclinal of the type S. lycopersicum-luteum (ii). 

Plate XV. 

Pigs. 1 and 2. Plants of 8 . lycopersicum-luteum (ii). In fig. 1 the tomato core is composed 
of the var. Batch’s Pillbasket, and in fig. 2 of Sutton’s Best of All. 

Pig. 3. Transitional shoot, showing flowers and fruits. 

Pig. 4. Young plant of 8, lycopersicum-guineense (ii), the tomato core of this chimaera 
is tetraploid. 


Plate XVI. 

Pig. 1. Plant of 8. luteum-lycopersicum (i). 

Pigs, 2 and 3. Petals and fllowers of 8 . lycopersicum, 8. luteum, 8 . nigrum, 8. gumeense, and 
of the chimaeras: a, 8. lycopersicum; b, 8. nigrum or 8. guineense; c, 8. luteum; b 1, two 
layers of 8. nigrum outside tomato; c I, two layers of S. luteum over tomato; 6 2, one 
layer of 8. nigrum over tomato; c 2, one layer of tomato outside 8. luteum. 
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Introduction. 

The phenomenon of fasciation has been observed in various groups 
of plants, and is generally of a temporary nature due to environmental 
stimulation, though sometimes hereditary. Several authors have made 
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experiments on this cliaracter and have obtained fairly simple results. 
In the Japanese morning glory, fasciation was recognised in relatively 
early days. The results obtained by me in breeding experiments with 
the fasciated strain have shown that the case is somewhat complicated 
by the occurrence of three or more factors affecting its nianifestation. 
In almost all cases fasciated stems are accompanied by pear leaves, 
owing to the occurrence of linkage, which further complicates the genetics 
of the pear-leafed and fasciated plants. Some pear-leafed fasciated 
examples bear funnel-shaped flowers, while others bear split ones. The 
experiments revealed the fact that a split corolla is the effect of the 
maple” factor. Consequently we may commence our account with an 
outline of the hereditary behaviour of pear leaf. 

Hereditary Behaviour op Pear Leap. 

The pear leaf (Pigs. 1, 10 and 11, Pis, XVII and XVIII, figs. 1, 8 
and 9) was so named because of its resemblance to a leaf of th e i)ear, and 
it is sometimes called “ Kujaku^ ” leaf or “ Imo ^ ” leaf by our fanciers. The 
hereditary behaviour of this leaf was studied by Miyake and Imai (1920), 
and Hagiwara (1925), who recognised its simple recessive nature to the 
normal. Pear leaves have either double or single flowers, and tbe present 
studies were carried on with strains of the latter. 

Pear leaf versus Normal leaf. 

In crosses between normal and pear leaves the plants bear quite 
normal leaves. Although the pear leaf resembled in shape tbe cordate 
(== heart) leaf, which produces some recessive effect upon tlie hybrid 
leaves of cordate and normal, the leaves of the present cross showed 
no influence of their heterozygous nature. Tlie l!\ generation consisted 
of the alternative forms in a simple ratio as indicated in I’able I, 

TABLE I. 

The Pg (lata ohtained hy the ('.roamiy of nor nial and fear leaven. 


Cross 

Normal leaf 

Pear loaf 

fl’utal 

65 X BD-B 

43G 

139 

574 

LxNl 

75 

2G 

101 

Total 

510 

105 

"()75 

Expected 

50025 

1(38-75 

075 


^ “Kujaku” means peacock in Jajjaneso. Pear leaves bear double flowers, in wliicb 
the petaloid filaments stand out above the corollas rather like the crest of a peaciock. fifiio 
term was then applied to the leaves accompanying such double flowers, and eventually 
to pear leaves in general with no limitation in regard to their flowers. 

® “Imo” means the Japanese yam {JDioscorea). The pear leaf resomhloB the loaf of some 
species of the Japanese yam in its form. 
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In Table II we have summarised tbe data, which we need not 
consider further as the results came out quite normally. 


TABLE II. 

The Fg data of the cross 65 x BD-B. 



Pedigree 

Normal 



Character of 

number 

leaf 

Pear leaf 

Total 

Normal leaf 


242 

271 

83 

242 

354 

Pear leaf 

7 

— 

125 

125 



Fig. 1. A fasciated seedling bearing variegated pear leaves (A 5). 


The Relation of Pear arid Cordate Leaves. 

To understand the factorial relations between the two roundish 
leaves, pear and cordate (Fig. 2), I made a cross between them. The F^ 
plants bore normal three-lobed leaves, being entirely diSerent from both 
parents, but the leaves had roundish lobes as an efiect of the recessive 

19-2 
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cordate-leaf factor. Three families bred from such hybrids gave the 
results indicated in Table III. 


TABLE III. 

The 1^2 obtained by the crossing of cordate and pear leaves. 

Ki)vuuliHh 

Crosa Normal leaf normal leaf Cordate leaf Pear leaf Total 

A 1X N 1 32 82 4.5 37 190 

Expected 3(5'75 73-50 30-75 49-00 190 



Eig. 2. Cordate leaf bearing normal, funnol-ahaped liowora. 

As the data obtained are closely in accordance with 3 : 6 : 3 : 4, 
a modified ratio of dihybrid segregation, it is clear that the factors for 
pear and cordate leaves belong to different series of allelomorphs. Both 
leaves are somewhat similarly roundish in shape, but the pear leaf is 
rather oval and has the peculiar habit of a slight broadening in form at 
the connecting part of its petiole and lamina, the latter having more or 
less sloping shoulders. These traits enable us easily to distinguish this 
leaf from a cordate one. The present cross, therefore, concerns the two 
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factors p, pear leaf, and h, cordate leaf. The normal leaf is the com¬ 
bined result of two dominant factors, as far as the present cross is con¬ 
cerned, and the double recessive leaf retains its pear-leafed form. Under 
these circumstances, the expected ratio in F^ should be: 

1PPHH + 2 PpHH 3 normal leaves 

2PPHh -|-4PpHh 6 roundish normal leaves 

IPPhh H-2Pphh 3 cordate leaves 

IppHH -f 2ppHh +1 pphh 4 pear leaves 

This ratio conforms fairly closely to the actual result as indicated 
in Table III. 

The Relation of Pear and RangikiF’ leaves. 

The “Kangiku” leaf (PI. XVII, fig. 2) is represented by i, a recessive 
leaf-form factor to the normal (Imai, 1925). This factor affects the shape 
of cotyledons and leaves, the type of flowering, etc., in a complex 
manner. The cotyledons have shortened lobes, just like those of radishes, 
and are sometimes branched. The leaves are split irregularly into sharp- 
pointed lobes, and the flow^ers are composed of polypetalous corollas 
rugose in form (PI. XVII, fig. 4). In the crosses made between “Rangiku” 
and pear leaves, I obtained normal-leafed F^ hybrids reverting to their 
prototype, and the next generation consisted of segregating families as 
represented in Table IV. 

TABLE IV. 

The Fg data obtained by the crossing of “RangiJcu^^ and pear leaves. 


Cross 

Normal leaf 

“Rangiku” 

leaf 

Pear leaf 

“ Rangiku 
pear leaf 

Total 

M3xN 1 

82 

12 

14 

1 

109 

M 3 X N 2 

142 

34 

21 

5 

202 

Total 

224 

46 

35 

6 

311 

Expected 

174-94 

58-31 

58-31 

19-44 

311 


The deviation is conspicuous, though it seems to be caused by the 
early death of the recessive segregates. The discrepancy in the segregat¬ 
ing ratio, which is due to the meagre production of the recessive segre¬ 
gates, is not rarely to be met with in the hybrid progeny of the Japanese 
morning glory, and the present case, therefore, is not unusual. The cross 
concerns the segregation of the factors, pear (p) and ‘ ‘ Rangiku ’ ’ (i) leaves. 
From the doubly heterozygous F^ we should expect an F^, segregation as 
follows: 

1IIPP + 2 liPP + 2 IIPp + 4IiPp 9 normal leaves 

liiPP+2iiPp 3 “Rangiku” leaves 

lllpp + 2Upp 3 pear leaves 

lilpp 1 “Rangiku’’-pear leaf 
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Now we have a new type through the combination of two recessive 
factors. The specimens had narrow pear leaves, which were split, with 
shortened and broad petioles (Fig. 3), peculiar in shape, and somewhat 
small flowers with creased corollas, which are the trait of “Rangiku.” 
The smallness of the corolla, however, is a general characteristic of the 
flowers of pear leaves. 



Pig. 3. Samples of “Rangiku”-pear leaves. 


On the Pear-leafed.strain with Split Corollas. 

The pear-leafed strains used in the above cross had perfect funnel- 
shaped corollas, while A 5, a pure pedigree strain, had five split corollas 
(PI. XVII, fig. 1). The split flowers could be identified with the maple type 
(PI. XVII, fig. 6) by their relatively broad petals, and breeding tests made 
this clear (Imai, 1925). 

The result of cross 81-1 x A 5. 81-1, one of the parents of the present 
cross, had normal leaves and funnel-shaped finwera. The plants bore 
normal leaves and flowered with perfect corollas, and gave rise to the 
generation shown in Table V. 

TABLE V. 

The Fg data of the crossing of normal leaf and pear leaf loith split corolla. 

Pear leaf Pear leaf 
with perfect with split 

Cross Normal leaf Maple leaf corolla corolla Total 

81-1 xA5 71 21 24 6 122 

Expected 68-625 22-875 22-876 7-625 122 

The genetic origin of the maple is attributed to A 5, which bears 
maple-type flowers as stated above. Hence the present segregation 
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concerns the factors, p and m, the latter being responsible for the maple. 
Theoretically, the segregation should be: 

IMMPP + 2MmPP + 2MMPp + 4MmPp 9 normal leaves 

lmmPP + 2mmPp 3 maple leaves 

IMMpp +2Mmpp 3 pear leaves with perfect corollas 

Immpp 1 pear leaf with split corolla 

The pear-leafed segregates will have either perfect corollas (PI. 
XVIII, fig. 8) or split ones (PL XVIII, fig. 9), according to their genetic 
composition with respect to the maple factor. Consequently the pear- 
leafed parent must have been a double recessive for the factors in 
question. 

The result of crosses 22-1 x A 5 and 350 x A 5. The present crosses 
concern the relation of pear and dragon-fly leaves, the latter being 
transmitted as a recessive to the normal. The genetic nature of the 
dragon-fly leaf, however, does not seem to be simple in some cases. The 
J'j plants of dragon-fly x pear had normal leaves and gave rise to the 
shown in Table VI. 


TABLE VI. 

The F 2 data of the crossing of dragon-fly leaf and pear leaf 
with split corolla. 

Pear leaf 
Elongated with split 


Cross 

Nornral 

leaf 

Dragon¬ 

fly 

leaf 

Maple 

leaf 

Pear leaf 
with 
perfect 
corolla 

pear leaf 
with 
perfect 
corolla 

corolla 

(contains 

elongated 

one) 

Total 

22-1 X A 5 

43 

4 

14 

12 

1 

2 

76 

350xA5 

76 

6 

29 

22 

5 

8 

146 

Total 

119 

10 

43 

34 

6 

10 

222 

Expected 

93-66 

31-22 

41-63 

31-22 

10-41 

13-88 

222-02 


The segregating number of dragon-fly leaves is distinctly below that 
required in theory, which may perhaps point to this character being of 
a more complex nature. For our present purpose however we may 
regard it as simple, and consider that we are dealing with the three 
factors of p, m and t, the last being responsible for the dragon-fly leaf. 
Among the pear-leafed F^, we found some long-shaped ones, which are 
doubtless pear leaves carrying the dragon-fly factor. The Fg result of 
the present cross (ttMMPP x TTmmpp), therefore, may be expected 
to be as follows: 
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1TTMMPP + 2TtMMPP -t- 2TTMmPP + 2TTMMPp + 4TtMmPP + 4TtMMPp + 4TTMmPp 
+ 8TtMmPp 27 normal leaves 

1 ttMMPP H- 2 ttMmPP + 2 ttMMPp + 4ttMmPp 9 dragon-fly leaves 

1 TTmmPP + 2 TtmmPP + 2 TTmmPp + 4TtmmPp h- 1 ttmmPP + 2 ttmmPp 12 maple leaves 
1 TTMMpp -I- 2 TtMMpp - 1 2 TTMmpp + 4TtMmpp + 1 ttMMpp - 1 2 ttMmpp 

12 pear leaves with perfect corollas (contain long-shaped pear leaves) 
1 TTmmpp + 2Ttnimpp -h I ttmmpp 

4 pear leaves with 8i)lit corollas (contain long-sliaped pear leaves) 

The theoretical expectation fits the observed data fairly well provided 
that we do not lay stress upon the low proportion of dragon-fly leaves. 

The result of crosses 320 x A 5 and M 3 x A 5. In these two cases 
a pear leaf with split corollas was crossed with a “Rangiku”' leaf. Con¬ 
sequently the segregation may be expected to be somewhat complicated. 
From the normal-leafed T\ we raised F^, which was composed of eight 
phenotypes, as represented in Table VII. 

TABLE VII. 

The Fg data of the crossing of ” Rangiku” leaf and pear leaf 
with split corolla. 


Cross 

Normal leaf 

“Rangiku” 

leaf 

Maple leaf 

Pear loaf 
with perfect 
corolla 

“Mitsuo 

leaf 

320 X A 5 

37 ' 

6 

9 

4 

1 

M3xA5 

102 

31 

44 

31 

9 

Total 

139 

37 

53 

35 

10 

Expected 

119-81 

39-94 

39-94 

39-94 

13-31 


Cross 

“ Rangiku 
pear leaf 
with perfect 
corolla 

Pear leaf 
with split 
corolla 

“Rangiku’’-pear 
leaf with split 
corolla 

Total 

320 X A 5 

0 

0 

0 

57 

M 3 X A 5 

5 

4 

1 

227 

Total 

5 

4 

1 

284 

Expected 

13-31 

13-31 

4-44 

284 


It is clear from the observed data that the factors now concerned 
are p, i and m, and, according to our expectation, the triple hetero¬ 
zygous Fj, obtained by the crossing PPiiMM x ppllmm, should give 
the Fa members as follows: 

1IIMMPP H- 2 liMMPP -t- 2 IIMmPP -h 2 IIMMPp -h 4 liMmPP -f 4 IlMMPp -I 4 MVImPp 


+ 8 liMmPp 

1 IIMMPP -I- 2 ilMmPP + 2liMMPp -t- 4 ilMmPp 
1 IlmmPP + 2IimmPP + 2 IlmmPp -i- 4 limmPp 
1 IIMMpp + 2 liMMpp + 2 IIMmpp -|- 4 IlMmpp 
1 ilnunPP + 2iimmPp 

liiMMpp-t-2iiMmpp 3‘ 

1 llmmpp + 2Iimmpp 

lUmmpp 


27 normal leaves 
9 “Rangiku” leaves 
9 maple leaves 
9 pear leaves with perfect corollas 
3 “Mitsuo” leaves 
Rangiku’’-pear leaves with perfect corollas 
3 pear leaves with split corollas 
1 “Rangiku’’-pear leaf with split corolla 



TABLE VIII. 

The E 3 data of the cross M 3 x A 5, showing the segregation of leaf form. 
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Expectation agrees in essential points witli the actual data in 
Table VII, except for the low proportion of the combined recessive 
segregates. The “Mitsno” leaves are to be regarded as a double recessive 
form of maple and “Rangiku.” They are irregularly lobed in a peculiar 
way differing somewhat from “Rangiku” leaves. The term “Mitsno,” 
meaning “three-tailed,” was derived from a variety of goldfish which has 
a tail so named. The flowers of this specimen are of the split “Rangiku” 
type (PI. XVII, fig. 5). 

An Fs generation was raised from the F^ of the cross M3 x A 5, the 
result being summarised in Table VIII. It shows that the hypothesis 
put forward above covers the F^ results. 

The restdt of cross 326 x A 6. By hybridising A 5 with 326, which is 
a pure pedigree strain bearing cordate “Sasa” leaves (Pig. I) and split 
flowers, we obtained normal leaves with roundish lobes in F^. Table IX 
contains the F^ data obtained from such hybrids, 

TABLE IX. 

The Eg dato of the crossing of cordate “Sasa” leaf and pear leaf 
with split corolla. 


Cross 

Normal leaf 

Roundish 
normal leaf 

Cordate leaf 

Maple leaf 

Cordate “ 
maple leaf 

326 X A 5 

74 

164 

76 

69 

13 

Expected 

67-39 

134-79 

67-39 

67-39 

22-46 

Cross 

Pear leaf 
with perfect 
corolla 

Pear leaf 
with split 
corolla 

Normal 
“Sasa” leaf 

Roundish- 
normal 
“Sasa” leaf 

Cordate 
“Sasa” leaf 

326 X A 5 

108 

28 

11 

33 

15 

Expected 

89-SG 

29-95 

22-46 

44-93 

22-46 

Cro.s3 

Maplo- 
“Sasa” leaf 

Cordate 
nmple- 
“Sasa” leaf 

Pear-“Sa.sa” 
leaf with 
split corolla 

Pear-“Sasa” 
leaf with 
narrowly 
split corolla 

Total 

32G X A .6 

14 

10 

28 

6 

639 

Exi^ected 

22-40 

7-49 

29-95 

9-98 

638-9G 


The production' of fourteen F^ phenotypes is due to the segregation 
of the Sa-factor, which is responsible for the “Sasa” leaf (Imai, 1925), 
besides the factors of p, h and m, the cross producing the q^nadruply 
heterozygous F^. The “Sasa” leaves always accompany split corollas, 
but the petals are a little narrower than those of the maple. The factor 
does not markedly change the various leaf forms, but it modifies them 
in a particular way into the respective “Sasa” leaves (Eigs. 4, 5, 6, 
7 and 8). Thus the combination of the factors for maple and “Sasa,” 
gives narrowly split corollas divided down to the bottom of the flower 
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Fig. 6. A seedling bearing cordate maple-“Sasa” leaves. 



Fig. 7. A seedling bearing pear-"Sasa” leaves. Fasciated! 
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tube (PI. XVn, fig. 3), each factor by itself, however, resulting in split 
corollas with undivided tubes (Pis. XVII and XVIII, figs. (5 and 10). 


Fig. 8. A pGar-“Sasa"-loafed aeedling carrying maple factors. Note the slender leaves! 
The specimen is fasciatod and the abnormality can be seen by its flattening bxid. 
(Photographed from above.) 


The genetic composition of the parents can be presumed as 
SaSahhMMPP and SaSaHHmmpp respectively. From the quadruply 
heterozygous we may expect the following F^\ 


ISaSaHHMMPP -I- 2SaSaHHMMPP -t-2SaSaHHMmPP -t 2SaSaHHMMPp -|-4 SaSaHHMmPP 
-t- 4 SaSaHHMMPp -I-4SaSaHHMmPp -h SSaSaHHMmPp 27 normal leaves 

2SaSaHhMMPP -hdSaSaHhMMPP H-dSaSaHhMmPP +4SaSaHhMMPp l-HSaSaHhiyrraPP 
-t SSaSaHhMMPp -!- SSaSaHhMmPp + KiSaSaHhMmPp 54 roundish normal leaves 

1 SaSahhMMPP + 2SaSahhMMPP -f 2SaSahhMmPP -1- 2SaSahhMMPp -I- 4SaSahhMmPP 

4SaSahhMMPp -1-4SaSahhMmPp -I- 8 SaSahhMmPp 27 cordate leaves 

1 SaSaHHmmpp -h 2SaSaHHmmPP + 2SaSaHhmmPP -I- 2SaSaHHmmPp H- 4 SaSaHhmmPP 
-l-4SaSaHHmmP^-l-4SaSaHhmmPp-l-8SaSaHhmmPp 27 maple loave.s 

1 SaSahhmmPP -i- 2 SaSahhmmPP -|- 2SaSahhmmPp -f 4SaSahhmmPp 9 cordate maple leaves 
ISaSaHHMMpp -|- 2SaSaHHMMpp -t-2SaSaHhMMpp -l-2SaSaHHMmpp -l-4SaSaHhMMpp . 
-f 4SaSaHHMmpp -|-4SaSaHhMmpp + 8SaSaHhMmpp + ISaSahhMMpp -l-2SaSahhMMpp 
-|-2SaSahhMmpp -l-4SaSahliMmpp 36 pear leaves with joerfect corollas 

1 SaSaHHmmpp + 2 SaSaHHmmpp -t- 2SaSaHhmmpp -i- 4SaSaHhinmpp -t-1 SaSahhmmpp 
-|-2SaSahhmmpp ' 12 pear leaves with split corollas 

1 SaSaHHMMPP + 2SaSaHHMmPP + 2 SaSaHHMMPp -|- 4SaSaHHMmPp 

9 normal “Sasa” leaves 
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2SaSaHhMMPP + 4saSaHhMmPP + 4SaSaHhMMPp + SsaSaHhMmPp 

18 roundish normal “Sasa” leaves 
1 SaSahhMMPP + 2saSahhMmPP + 2saSahhMMPp + 4saSahh]VImPp 9 cordate “Sasa” leaves 
1 SaSaHHmmPP + 2saSaHhinmPP + 2saSaHHn«nPp + 4saSaHhmniPp 

9 maple-“Sasa” leaves (Fig. 5) 
IsaSahhmmPP + 2saSahhnimPp 3 cordate maple-“Sasa” leaves (Fig. 6) 

1 SaSaHHMMpp + 2SaSaHhM]VIpp + 2SaSaHHMmpp + 4SaSaHhMmpp + 1 SaSahhMMpp 

-I- 2 SaSahhMmpp 12 i)ear-“Sasa” leaves with split corollas (Fig. 7, PI. XVIII, fig. 7) 

1 SaSaHHmmpp + 2 SaSaHhmmpp +1 SaSahhmmpp ' 

4 pear-“Sasa” leaves with narrowly split corollas (Ffig. 8) 

This expectation not only covers the data fairly well, but agrees 
also with the results which are collected and summarised in Table X. 

Behaviour of Fasciation in Inheritance, 

An Introductory Remark. 

Fasciation is a teratological character widely spread in various plant 
groups (see especially Masters (1869), Penzig (1890-94), Worsdell (1915), 
White (1916), Shirai (1925), etc.). Much literatiue has been published 
on fasciation treating of its occurrence', origin, morphology, physiology, 
heredity and so on. Fasciation has been universally recognised among 
herbs, shrubs and even trees, leading sometimes to the production of 
giant monstrosities. It is, however, in most cases, a transient pheno¬ 
menon, due to the stimulation of some environmental conditions or to 
accidental efiects. As distinct from these accidental fasciations, there are 
records of plants exhibiting heritable fasciation, in each of which a 
genetical basis for the manifestation of the abnormality is involved. 
Some of them breed true to the abnormality in successive generations 
without exception, though there may be exhibited much variation in 
the degree of the flattening of the afieoted part, while others throw 
varying percentages of normals according to their environment or to 
selection; De Vries (1903) made a series of experiments with some 
fasciated plants. 

We may cite below some of the papers dealing with the systematic 
analysis of fasciation by experimental crossing. The classical work of 
Mendel (1865) on peas includes the inheritance of fasciation or umbellatum 
character. According to him and his followers, the abnormality is 
transmitted as a recessive to the normal condition. East and Hayes 
(1911) detected a case of the simple dominance of the fasciated ear in 
Zea mays. According to the experiments made by Emerson (1912), the 
fasciated ear of maize was transmitted as a recessive to the normal, quite 
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TABLE X (continued). 


Offspring of tho pear-loafed F.^ with perfisot corolla. 


Pear leaf 1‘oar leaf 
Number of with perfect with split 
pedigree corolla corolla 

Poar-“SaHa” 
loaf with 
entire, 
corolla 

Pear-“Sasa” 
leaf with 
narrowly 
split 
corolla 

Total 

6 

8S 

— 

— 

— 

85 

Expected 

85 

— 

— 

— 

86 

2 

7 

3 

■— 

— 

10 

Expected 

7-5 

2-5 

— 

— 

10 

3 

26 

4 

8 

1 

38 

Expected 

21-375 

7-125 

7-125 

2-375 

38 

2 

Offspring of the pear-leafed with split corolla. 

— 10 — — 10 

Expected 

— 

10 

— 

— 

10 

1 

— 

15 

— 

6 

21 

Expected 

— 

15-75 

— 

5-25 

21 

Number of 
pedigree 

Normal 

“Sasa” 

leaf 

Offspring of the norraal-“ Sasa’’-leafed F^, 

Poar-“Sasa” 
Poar-“Sasa” leaf with 
Maple- leaf with narrowly 

“Sasa” split split 

leaf corolla corolla 

Total 

2 

10 

— 

— 

_ 

10 

Expected 

10 

— 

— 

— 

10 

1 

3 

1 

— 

— 

4 

Expected 

3 

1 

— 

— 

4 

Number of 
jiedigreo 

Cordate 

“Sasa” 

loaf 

Offspring of 

Cordate 

raaplo- 

“Sasa” 

leaf 

the cordate-“ 

Pcar-“Sasa’ 
leaf Avith 
8])lit 
corolla 

Sasa’’-leafed F^ 

Poar-“Sa8a” 

’ leaf with 
nar]H)wIy 
Bi)lit 
eorolla 

Total 

l' 

2 


— 

— 

2 

Expected 

2 

— 

— 

__ 

2 

1 

2 

1 

2 

0 

5 

Expected 

2-81 

0-1)4 

0-1)4 

0-31 

5 


flcneiic 

composition 

I SaSa(?)MMpp 

JSaSa(?)Mmpp 

I SaSa( ?)Mmpp 

I SaSa( ?)mmpp 
I SaSa(?)mmpp 

Genetic 

oompoaifcion 

I SaSaHHMMPP 
I SaSaHHMmPP 


Genetic 

composition 

I SaSahhMMPP ? 
I SaSahhMmPp 


N.B. Some records of tho flower tyijo of the pear-loafed segregates may be iiicioniiileto 
and doubtfnl caso.s are not considered in clas.sifioation. 

The numeral in liraokots represents the number of the plants which made H()matio 
variation to a iion-“Sasa” condition. 


contrary to tlie one observed by the former investigators. In some 
strains, however, the hereditary behaviour of fasciation was not simple, 
and he thought that two factors were probably involved. White (1916) 
studied the inheritance of a fasciated Nicotiana by crossing it with its 
normal prototype and found it to be of a simple Mendelian type, the 
heterozygotes being intermediate in form. The result was not so simple, 
however, when the fasciated strain was crossed with the normals of 
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different varieties. According to White, such complexity is due to a 
difference in the “genotypical environments.” Nagai (1926) in his 
recently published data on the inheritance of soy-beans worked with 
fasciation, and concluded that it was of a simple recessive nature. 

In the Japanese morning glory fasciated specimens have long been 
recognised. Now we find the strains either breeding true or throwing 
some normals. The oldest figure of a fasciated specimen of this plant is 



JFig. 9. A fasciated specimen, illustrated in an old book, Asagao-86, 1817. 

the one given in Kadan-Asagao-Tsu (1815), which was published over 
one hundred and ten years ago. The attractive illustrations of this 
monstrosity (Fig- 9) are found in various other old books. According 
to these old authors, the heritability of fasciation was not strong in their 
days, but it was sometimes considered to be a temporary expression of 
the normals due to a “disease” or “supernutrition.” We may conclude, 
therefore, that strains breeding true to the character are of relatively 
recent origin. 

Yamaguchi (1916) studied the fasciation of the Japanese morning 

20-2 
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glory from a morphological and physiological point of view, but liis 
paper contains no genetic analysis, Hagiwara (1924, 1920) published 
his genetic results on the fasciate'd morning glory and assiimed two 
recessive factors for an abnormal manifestation, Ilis data, however, did 
not contain sufficient individuals to s(jlve sucli a complex problem. 

My experiments on fasciation were started in 1921 and the hybrid 
generations ran to in one cross, including a very extensive cultivation 
of Fs. My conclusion is so complex that it contains some points incom¬ 
patible with that which was drawn by Hagiwara. 

The Results of Experiments. 

The fasciated pedigree strain used as one of the parents in my breeding 
experimentswas A 5, apearleaf with a split corolla (Fig. 1, PI. XVII, fig. 1). 
The strain has bred true to the type for generations on self-fertilisation, 
and the progeny ahvays consisted of specimens having distinctly flattened 
stems. By crossing this strain with normals we raised the T\ plants, 
which are quite normal, representing the dominancy of normality. In 
the Fg generation, the fasciated segregates were relatively very few as 
is indicated in Table XI. 

TABLE XI. 

The Fa data showing the segregation of fasciation and the related character. 

Fasciated 


Class 

A ! 
1 

Cross 
|326xA5 
181-1 xA5 

Normal 
stem with 
non-pear 
leaf 

407 

92 

Normal 
stem with 
pear leaf 
153 

27 

stem 

AVitll 

iion-poar 

leaf 

2 

Fasciated 
stem with 
l^ertr loaf 
17 

3 

Total 

039 

122 

'h, of 
faseiated 
stems 
2-97 

2-40 

Total 


059 

180 

2 

20 

'“ 701 ’'”” 

2-89 


1320 X A 6 

03 

3 

.—, 

1 

57 

1-75 


1 350 X A 5 

111 

34 


1 

140 

0-08 


[M3 xA5 

ISO 

40 

.—- 

1 

227 

0*44 


[22-1 xA5 

01 

15 

— 

— 

70 

O-OO 

Total 


411 

92 

— 

'1 

'""'51)0 

.'“Agh"' 

Grand total 

970 

272 

2 

23 

1207 

1*97 


In the grand total, the fasciated stems form only 1-97 per cent. The 
proportion in which fasciated plants appear varies considerably in different 
crosses, though, roughly speaking, it may be classified into two categories, 
viz. a relatively high proportion (class A) and a relatively low one 
(class B). In class A, two crosses, 326 x A 5 and 81-1 x A 5, gave 
fasciated plants in the proportion of 2-97 per cent, and 2*46 per cent, 
respectively, the average being 2*89 per cent. In the other crosses, 
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class B, tliree matings, 320 x A 5, 350 x A 5 and M3 x A 5, gave only 
one fasciated individual in eacli progeny, wliicli numbered respec¬ 
tively 57, 146 and 227. The remaining cross 22-1 x A 5 segregated no 
fasciated specimen among 76 offspring. The average ratio of the 
fasciated stems in class B was only 0*59 per cent. 

An analysis of class A. With the cross 326 x A 5 I made a genetic 
analysis of fasciation on a comparatively extensive scale. The proportion 

TABLE XII. 

The Eg data of the cross 326 x A 5, showing the segregation of fasciation 
and the related character. 

Oilspring of the normal stemmed and non-pear-leafed 


Fasciated 


Pedigree 

Normal 
stem witli 
non-pear 

Normal 
stem with 

stem 

with 

non-pear 

Fasciated 
stem with 

Total 

%of 

fasciated 

number 

leaf 

pear leaf 

leaf 

pear leaf 

stems 

Total of 19 

pedigrees 

1282 

— 

— 

— 

1282 

— 

Total of 8 

pedigrees 

324 

106 

— 

— 

430 

— 

43 

24 

— 

1 

— 

25 

4-00 

1 

205 

41 

— 

13 

259 

5'02 

7 

128 

32 

— 

9 

169 

533 

10 

115 

31 

— 

8 

154 

5-19 

11 

7 

_ 

— 

1 

8 

12-50 

12 

95 

6 

1 

12 

114 

11-40 

28 

29 

12 

— 

9 

50 

18-00 

32 

12 

— 

— 

1 

13 

7-69 

33 

51 

10 

— 

8 

69 

11-59 

34 

167 

42 

— 

9 

218 

4-13 

36 

40 

14 

— 

4 

58 

6-90 

40 

128 

38 

1 

10 

177 

6-21 

42 

41 

6 

— 

2 

49 

4-OS 

46 

74 

17 

1 

3 

95 

4-21 

49 

43 

1 

— 

12 

56 

21-43 

54 

63 

23 

— 

8 

94 

8-51 

57 

3 

1 

— 

1 

5 

20-00 


Total 

1201 

174 

3 

110 

1588 

7-12 

Total of 5 
pedigrees 

Offspring of the normal stemmed and pear-leafed 

„ 34 _ __ 34 


4 

__ 

41 

— 

6 

47 

12-77 

6 

__ 

6 

— 

2 

8 

25-00 

16 

__ 

15 

— 

3 

18 

16-67 

17 


5 

— 

1 

6 

16-67 

19 

_ 

13 

-- 

2 

15 

13-37 

29 

_ 

9 

— 

2 

11 

18-18 

35 

__ 

8 

— 

3 

11 

27-27 

38 

_ 

6 

— 

2 

8 

25-00 

41 

_ 

11 

— 

1 

12 

8-33 

55 

— 

5 

— 

2 

7 

28-57 

Total 

.— 

119 

— 

24 

■ 143 

16-78 
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TABLE XIII. 

The other Eg data of the cross 326 x A 5, shoiving the segregation of fasciation 
and the related character. 


Offspring of the normal-stemmed an<l iion-pc.ar-hjafed F.^. 


Ptaligree 
number 
Total of 30 
jjedigrees 
Total of 17 
pedigrees 

90 

111 

128 

Normal 
stem with 
non-pear 
leaf 

2167 

791 

29 

2 

244 

N ormal 
stem Avith 
pear leaf 

226 

Paaelated 
stem with 
non-pear 
loaf 

1 

1 

1 

Pasciated 
st«mi witli 
|)oar leaf 

'rot^al 

2167 

1017 

30 

3 

245 

% v>f 

fuHciat.ial 

stmns 

3-33 

33-33 

0-41 

Total 

276 

— 

3 

— 

278 

1-08 

00 

21 

_ 

■ _ 

6 

26 

19-23 

63 

116 

24 

— 

1 

140 

0-71 

68 

16 

2 

— 

1 

19 

6-26 

72 

116 

24 

— 

6 

M6 

4-14 

77 

47 

7 

1 

10 

()5 

16-92 

78 

40 

11 

— 

1 

62 

1-92 

79 

78 

4 


24 

106 

22-64 

82 

56 

8 

— 

12 

76 

16-79 

83 

77 

2 

1 

17 

97 

18-66 

86 

36 

1 

1 

14 

62 

28-85 

97 

43 

13 

— 

2 

58 

3-46 

98 

44 

15 

— 

6 

65 

9-23 

99 

144 

13 

— 

33 

190 

17-37 

101 

17 

— 

— 

4 

21 

19-06 

103 

65 

6 

1 

25 

97 

26-80 

104 

5 

1 

— 

1 

7 

14-29 

105 

97 

22 

— 

6 

124 

4-03 

106 

31 

8 

— 

4 

43 

9-30 

112 

108 

28 

— 

7 

143 

4-90 

113 

96 

28 


11 

136 

8-16 

116 

67 

17 

—. 

4 

88 

4-65 

117 

84 

20 


4 

108 

3-70 

118 

116 

16 

— 

19 

160 

12-67 

120 

12 

2 


1 

16 

6-67 

121 

26 

5 

— 

3 

33 

9-09 

122 

113 

28 

.—. 

4 

11.6 

2-76 

126 

69 

18 

— 

3 

80 

3-76 

127 

72 

16 

— 

4 

92 

4-36 

129 

70 

2 

— 

26 

98 

26-63 

132 

16 

6 


2 

22 

9-09 

133 

98 

3 

1 

21 

123 

17-89 

136 

47 

14 

— 

8 

69 

11-69 

137 

43 

10 

— 

3 

66 

6-36 

138 

79 

16 

— 

10 

105 

9-62 

139 

79 

29 

—. 

10 

118 

8-47 

142 

73 

19 

. — ■ 

3 

96 

3-16 

146 

17 

—. 

1 

3 

21 

19-06 

148 

22 

10 

—. 

1 

33 

3-03 

162 

72 

20 

— 

7 

99 

7-07 

158 

57 

17 

.—. 

18 

92 

19-57 

169 

176 

28 

.—. 

13 

216 

6-02 

160 

145 

34 

— 

8 

187 

4-28 

173 

62 

2 

— 

7 

61 

11-48 

176 

86 

— 

2 

26 

114 

24-66 

177 

77 

23 

— 

6 

106 

6-66 

178 

27 

— 

— 

8 

35 

22-86 

179 

69 

14 

— 

3 

76 

3-96 

180 

119 

27 

— 

8 

164 

6-19 

181 

31 

8 

— 

6 

44 

11-36 

Total 

3242 

619 

8 

427 

4296 

10-13 
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TABLE XIII {continued). 


Offspring of the normal-stemmed and pear-leafed F ^,. 



Normal 


Fasciated 





stem with 

Normal 

stem with Fasciated 


%of 

Pedigree 

non-pear 

stem with 

non-pear 

stem with 


fasciated 

number 

leaf 

pear leaf 

leaf 

pear leaf 

Total 

stems 

Total of 7 







pedigrees 

— 

56 

— 

—■ 

56 

— 

64 

— 

7 

_ 

1 

8 

12-50 

73 

— 

14 

— 

4 

18 

22-22 

93 

—. 

3 

— 

1 

4 

25-00 

95 

— 

14 

— 

3 

17 

17-65 

96 

— 

10 

_ 

3 

13 

23-08 

123 

— 

31 

— 

7 

38 

18-42 

131 

— 

6 

— 

2 

8 

25-00 

145 

— 

13 

— 

1 

14 

7-14 

151 

— 

10 

—. 

3 

13 

23-08 

161 

— 

10 

— 

1 

11 

9-09 

165 

— 

8 

— 

2 

10 

20-00 

Total 

— 

126 

— 

28 

154 

18-18 

Offajiring of the fasciated and pear-leafed F^, including false normals. 

110 

.— 

— . 

— 

17 

17 

100-00 

144 

— 

1 

— 

25 

26 

96-15 

155 

— 

— 

— 

2 

2 

100-00 

162 

— 

1 

— 

2 

3 

66-67 

169* 

— 

1 

— 

9 

10 

90-00 

182* 

— 

— 

—. 

2 

2 

100-00 

183 

— 

3 

— 

2 

5 

40-00 

Total 

— 

6 

— 

59 

65 

90-77 


The asterisked pedigrees are the progenies of false normals. 


of the fasciated stems in from this cross was 2*97 per cent., which 
stands between the recessive ratios of 6-25 per cent, of a dihybrid 
polymery and 1-56 per cent, of a trihybrid one. In the segregating 
proportion varies considerably as indicated in Table XII. Table XIII 
contains the data of the other F^, the record of which was taken from 
the bed when the seedlings were about one foot high. If we make a 
variation table in regard to the segregating proportion of the fasciateds 
in each F^ pedigree, the result will be as represented in Table XIV, and 


TABLE XIV. 

Variation table of the frequency in the segregating 'proportion of fasciation. 


Segregating 

percentage 

1 3 

5 

7 

9 

11 

13 

15 17 

19 21 

From Table XII 

— 1 

6 

3 

2 

2 

3 

— 3 

2 1 

From Table XIII 

3 8 

10 

4 

8 

3 

2 

2 4 

7 — 

Total 

3 9 

10 

7 

10 

5 

5 

2 7 

9 1 

Segregating 





31 


Total 

Average 

percentage 

23 

25 

27 

29 

33 

proportion 

From Table XII 

— 

2 

1 

1 

— 

— 

27 

12-93 % 

From Table XIII 

5 

3 

2 

1 

— 

1 

63 

12-27 % 

Total 

5 

5 

3 

2 

— 

1 

90 

12-47 % 
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TABLE XV. 


The variation CAii'ves of the observed and theoretical frequeney disfrilmUons 
in the projjortion of the fasoiated seyreyates in the E, pediyrecs. 



(Expectation waa made witlioiit eonaideration of tlio oceiiiTonoo of the 
fal.so normalH.) 

Thick lino.Observed frequency Dotted line...TiKioretieal freciuency 


the curve represented in Table XV by a thick line is drawn on the basis 
of tbese figures. The frequency curve in tlie diagram agrees with no 
simply segregating result, as it contains several high and low modes. 
Of these, the mode d is sure to have been made up l)y a body of the 
monohybrid segregating families, and the result must be accounted for 
by presuming more than two factors constituting the non-cumulative 
polymery in inheritance. An analysis of the data shows that the case 
concerns three factors, and that the triple recessives are the fasoiated 
stems. If we represent these factors by fh and P, the fasoiated parent 
of the cross is to be regarded as partner as a trebly 

dominant homozygote. From the trebly heterozygous Fi we should 
have the following segregates: 
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1 F^F^F^P-F^F^ + 2pifip2p2F3F® + 2piF>-F®12F®p3 + 2FiFip2F“F®f® + 4F^£^F^f^F®P® 

+ 4 pifipaF^F^f 3 + 4 pipip-f “F^fa + 8 pif ipaiapafa + 1 jif ipapapaps + 2 MiFafaFapa 

+ 2tif^P“FaFafa + 4fi£^pa£aFaia +1 F^F^iaFFaF® + 2FiMaiaFaFa + 2F^F4a£2Faia + 4FiI^faiaF®fa 

- 1-1 piFip2F3{3f3 2 FiPFapa£afa + 2FiFip2£2£3f3 4 .4pifip2f2{3£3 4 . Ifififafapspa + 2fififafaF3f3 

+1 fifiF3F“f3£3 -I- 2fifiF2£3t3f3 +1 piFif2|2|3f3 4 , 2pifi{2fa£3fs 63 normal stems 

1 £^fif^£af3f3 1 fasciated stem 

In sucli a trihybrid, the theoretical proportion of the fasciateds is 
only 1*56 per cent., about half as much as that of the actual case (2-98 per 
cent.!). How can this difference be accounted for? According to my 
opinion, this can be explained as a result of linkage between two fascia- 
tion factors. In attempting to estimate the precise behaviour pf the 
factorial relation, we meet with a serious difficulty in the occurrence of 
false normals as fluctuations from among the fasciateds. Among the 
fasciated Fl^ those which produced some seeds and gave an opportunity 
to test theirAffspring are Nos. 110, 144, 155, 162 and 183, five in number. 
Some of them gave only fasciated progeny, while the others threw some 
normals. Hagiwara (1926) regarded such normals as mutants without 
observing their offspring. In my view, however, they are to be attributed 
to fluctuations in the manifestation of fasciation. If such is the case we 
should have a result similar to that from the false normals which appeared 
in these pedigrees. Two normals obtained in F^ of Nos. 144 and 162 were 
prepared for such a test. On selfiug, they gave 2 normals and 10 fasciateds 
in one case and in the other 3 fasciateds only in F^. This result agrees 
with the data observed in the progeny of certain fasciated segregates. 
No one could have told that these plants were the progeny of a false 
F^ normal without a record of the preceding generation. Nos. 169 and 
182 were both plants having quite normal stems, but for the most 
part their progeny consisted of fasciated segregates as shown in Table 
XIII. The result they gave is precisely similar to that from the five 
fasciated F^ plants cited above. With such evidence, we can safely 
conclude that the normals which appeared among the progeny of the 
fasciated families were due to a false manifestation induced by fluctua¬ 
tion, or, in other words, plants which are genotypically fasciated some¬ 
times remain normal throughout their growth. The degree of flattening 
of the stem in the parental fasciated pedigree strain, A 5, is very evident 
(Fig. 1) and it always breeds true to the type, throwing no false normals. 
The fasciated specimens found in F^, and F^, however, differed from 
one another in their degree of flattening, varying through all gradations 
(Figs. 10 and 11, PI. XVIII, figs. 8 and 9). In the least fasciated individuals, 
the flattening occurs only in a portion of the stem, most of the parts 
remaining quite normal. Such j)lants may be recorded as normals in 
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an early census, but they reveal themselves as fasoiateds on later 
observation. Hagiwara (1926) observed a specimen, on which only a 
branch was fasciated, and he regarded this as due to a bud-variation. 
Plants of such a nature, however, were of not infrequent occurrence in 
my experiments, and no difference between the progenies of the fasciated 
and normal parts could be detected by examining their inheritance. So 
it appears to be a little premature to attribute such a case to bud- 
variation. 

On the evidence cited above, we must recognise the occurrence of 
false normals in the hybrid progeny of the present cross. This would 
affect the ratio of the fasciated segregates, and the deficit in their expected 
numbers may be roughly estimated from the data recorded on the 
progeny of the fasciateds and false normals. From these data we must 
reckon 8 false normals to 66 fasciateds in 74 plants, a deficit among the 
fasciateds of 10'81 per cent. The proportion may be calculated in another 
way, i.e. from the ratio of the false normals to the fasciateds in Fg. The 
false normals detected in however, were only 2 in number, from 
which meagre figure we cannot expect to obtain a more precise value 
than the former case. The deficit of 10-81 per cent., however, was cal¬ 
culated not only on the basis of an insufficient number, but it contains 
also some unfavourable points. The occurrence of false normals shows 
that the environment had some effect upon the manifestation of fascia- 
tion. But, as already pointed out, the parental pedigree strain, A 5, 
always breeds true to its type. Hence the determination of the fasciated 
character in this pedigree strain is so perfect that the environment 
cannot affect its manifestation, though the fasciation may vary some¬ 
what in degree. Why then does the manifestation fluctuate in the hybrid 
progeny, and not in the parental pedigree strain? The inconstancy of 
fasciation in its inheritance was in early days a general phenomenon in 
the cultivation of the Japanese morning glory. In my opinion, the differ¬ 
ence is due to the occurrence of a modifier or modifiers, which affect 
the degree and production of fasciation in its manifestation. The old 
fasciation accompanied such a factor or factors in their fluctuating 
representation, while in some strains, which we now have, these factors 
have slipped out. In the present cross, they came from the normal 
parent, and segregation in respect of them takes place in the hybrid 
progeny. It would be a troublesome business to determine the precise 
behaviour of such a modifier or modifiers, and the solution of this 
problem will be attempted in my future experiments. The data, on which 
the value of the deficit was estimated, therefore, must contain something 
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impure in them, so that its value must be regarded as representing only 
an approximate figure. 

If we neglect the deficit of fasciated plants the value of crossing over 
between two fasciation factors may be estimated by the formula, 

*2 _ 19 

lQx^+mx+ 16 ~ 639 ‘ 

From this formula the gametic ratio is determined to bo 2*22 : 1. If we 
assume the fasciation factors that are linked together to be and 
about 31 per cent, of crossing over takes place between them. A tenta¬ 
tive application of the 10-81 per cent, deficit in this calculation will 
change the figure of 19 fasciateds into 19 (100% — 10-81%) m. 21 

fasciateds, including the false normals. On this view, a more precise 
gametic ratio is estimated to be 2-64 ; 1 or ca. 3:1, or about 20-25 per 
cent, of crossing over. If we calculate the J'g expectation on the basis 
of a 3 : 1 gametic ratio, the result is as shown in Table XVI. 


TABLE XVI. 



The theoretical Fg 

Its ratio 

in the 


( ^ 

Value 

Genotype 

Formula 

(a; = 3) 

FiFiirapapajrs 


9 

plpip2p2p3£3 

2x"- 

18 

plplp2£2p3p3 

2x 

6 

pl|lp2p2p3p3 

2x 

6 

plplp2p2j3£3 


9 

P1F1{2£2F3F3 

1 

1 

lifip^F^F^F® 

1 

1 

piF^F^f^F^P 

4;t: 

12 

FiPF“F^F“F 

4:r 

12 

FlIlF2f2F3F3 

2:i’'“ + 2 

20 

FlfXF2I2F3I3 

43:'-= + 4 

40 

F1F1F2I2£3£3 

2a: 

(i 

FlflF2F2£3f3 

2.t; 

G 

piFl£2f2F3£3 

2 

2 

Fl{lf2f2F3F3 

2a: 

(i 

flflF2p2F313 

2 

2 

(lflF2(2F3F3 

2x 

0 

pl£lp2f2£3f3 

2.1:2+ 2 

20 

Flfl£2f2F3f3 

4a; 

12 

flflF2£2F®F 

4a; 

12 

Fiplf3f2|3f3 

1 

1 

Flfl£2£2|3f3 

2a; 

6 

Jl|lF2F2f3f3 

1 

1 

£l|lF2|2£3f3 

2a; 

6 

flJlJ2£3F3F3 


9 

£l£lf2l3F3£3 

2x" 

18 

£1J1J2£2£3|3 

x'^ 

9 

Total 

16a;''^ + 32a: +16 

256 


ItH ratio 


Phenotype 


Poriuula 


Value 


Normal 


ir);c“ + 32a:+ 11) 


247 


Pasciated 


+ 32.i; -|- ].() 


2.'5() 
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As discussed above, the data may be fairly accounted for by the 
hypothesis,suggested by me, though its confirmation must depend upon 
the data of succeeding generations. We may now test it. with the 
results. 

Part of the F^ plants were sown in the beginning of May and the 
seedlings were later transplanted into a field where the plants were 
allowed full growth. The data from these plants are collected in Table XII. 
But as my means were limited I was unable to raise a sufficient number 
of plants in this way. For further data I made seed-bed observations 
on the remaining F^ seeds sown in early June. Fortunately the weather 
was reasonably fair, and relatively few seedlings were damaged in the 
crowded culture. A record of them was taken when they were about 
one foot in height, as summarised in Table XIII. Owing to doubts 
whether cases of weak fasciation would be evident in early development, 
I feared that some fasciated specimens might have been missed in this 
record, because the census was taken before the attainment of full 
growth. However, this fear proved to be almost groundless, at least in 
the present case, for the average segregating proportion of the fasciateds 
was 12‘93 per cent, in the normally full-grown culture and 12*27 per cent, 
in the mass culture, representing practically the same result. This fact 
may admit of a discussion of both sets of data together. The variation 
curve of the segregating frequency of such combined F^ pedigrees is 
polymodal, as indicated by a thick line in Table XV, in which we may 
point out roughly four definite modes, a, h, c and d. The expected 
segregating types of the Fs pedigrees are calculated in Table XYII, on 
the basis of 3 : 1 gametic ratio in the linkage between and F^. 

TABLE XVII. 

The theoretical segregating types 0 /F 3 in the segregation of fasciation. 

Normal 


Genetic 



versus 


%of 

Segregating 

coinpoaitioii 

Linkage 

Ratio fasciation 

Formula 

fasciation 

type 

Fifipafapajs 

f Coupling 

1 Repulsion 

/Coupling 

(Repulsion 

36 

4 

247:9 
255: 1 

16;u^ + 32a: + 16 : a:^ 
16.^3 +32a:+ 15 :1 

3*52 

0-39 

III 

I 

plflp2f2f3fa 

18 

2 

55:9 

63 : 1 

3.x’3 +8a; + 4 : .a;3 

4a:3 + 8a: + 3:1 

14-06 

1-56 

V 

II 

plflf2f2F3f3 

ilflF212F3f3 

FlflI2j2j3£3 

il) 

6 ' 

15: 1 

1 

15 : 1 

6-25 

IV 


Jl£lF2f2£3j;3 


6 

3:1 

3 : 1 

25-00 

VI 

{lflf2f2F3f3 


18, 

1 





Thus we expect six segregating types. The theoretical number and 
its average value of each segregating type applied to the total observed 
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are represented at tlie bottom lines of Table XVIIL In an attempt to 
make a curve analysis on tlie basis of these figures, we olhained a varia¬ 
tion distribution of the segregating types as indicated in tlie body of the 
table. 

TABLE XVIIL 

Variation table of the frequencij lUstrihution in the mjregaUin/ t i/pen 
of fasciation in Ej. 


Segregating typo 



f 


— 

^ _ 

— 


1.0 till 

Ob- 

0/ 

/o 

I 

II 

Ill 

IV 

V 

VI 

(thcci'etic! 

il) H('.i-ved 

1. 

2-105 

0-539 

2-856 

0-027 

— 

.— 

5-518 

3 

3 

0-742 

0-523 

0-G77 

0-28(5 

— 

— 

8-228 

9 

5 

0-265 

0-371 

9-414 

1-590 

— 

— 

11-640 

16 

7 

0-048 

0-133 

6-677 

4-451 

0-001 

— 

11-310 

7 

9 

0-004 

0-024 

2-380 

6-276 

0-018 

.— 

8-708 

10 

11 

— 

0-002 

0-429 

4-451 

0-215 

— 

5-097 

5 

13 

— 

—. 

0-039 

1-590 

1-193 

0-001 

2-823 

5 

15 

— 

— 

0-002 

0-28(5 

3-338 

0-032 

3-658 


17 

— 

— 

— 

0-026 

4-707 

0-358 

5-091 

7 

19 

— 

— 

— 

0-001 

3-338 

1-988 

5-327 

9 

21 

— 

:— 

— 

— 

1-193 

5-564 

6-757 

1 

23 

— 

— 

— 

— 

0-215 

7-845 

8-()6() 

5 

25 

— 

— 

— 

— 

0-018 

5-564 

5-582 

5 

27 

'■)n 

— 

— 

— 

— 

0-001 

1-988 

1 -989 

3 

31 

.—. 

_ 

_ 

— 

_ 

0-358 

0-032 

0-358 

0-032 

-i 

33 

— 

— 

— 

— 

— 

0-001 

0-001 

1* 

Total 

3-158 

1-579 

28-421 

18-947 

1-4-211 

23-684 

90-000 

90 

(theoretical) 







Average 

0-526 

2-210 

4-S68 

9-526 

16-632 

23-264 

12-466 

12-406 


(r=4'079, ill the total vaiiation. 

(7 = 1-207, in the variation for each segregating type. 

X- = 24-575. P = 0-078. 

* This was neglected in the calculation of x®, because its progeny consisted of only three 
individuals. 


The sum of these six variation numbers, as given under the column 
of “Total,” is not very different from that of the number observed as 
represented in the next column, the value of P being ()-078. Tlie figures 
thus theoretically estimated were drawn in a curve with a dotted line 
in Table XV, in which a comparison is made with the observed frequency. 
Neither of two curves entirely overlaps the other, but we can see a rough 
resemblance between them. On comparing the two curves, the mode c 
of the thick line stands out beyond the dotted line. The larger part of 
this peak may be expected to be composed of the families of segregating 
type V, and suggests a somewhat more intense linkage between and f^. 
The hypothesis offered above seems to be verified by the results, 
though the calculation here attempted was made in ignorance of the 
occasional failure of fasciated plants to manifest their fasciation, which 
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may frequently occur in the hybrid progeny. The deficit in fasciateds 
should vary with the segregation of the modifiers if more than two of 
them entered into this cross. Under this circumstance, the prediction 
of the exact number expected is a difficult matter. 

On my view the expected ratio of homogenous and segregating 
families is 114 to 133, and we shall see how this expectation is realised 
in the observed data. Of 183 non-fasciated families, 120 contained 
over twenty individuals each. The composition of these families is 
indicated in Table XIX, those containing but few progeny being omitted. 

TABLE XIX. 

A genotypic comparison ofF^for the segregation of fasciation. 

True- 

breeding Segregating Total 
Observed 56 64 120 

Expected 55-38 64-62 120 

The number theoretically .calculated on the basis of 114 : 133 thus 
accords fairly well with the actual data. 

The genetic behaviour of fasciation reveals the complexity of the 
problem even more when the study is extended to other crosses, and 
I have found a more complicated case in another cross, the data of which 
are represented in the next section. 

An analysis of class B. The results given in Table XI indicate 
roughly two types of segregation, viz, a relatively higher and a relatively 
lower proportion in the production of the fasciated segregates, the 
average proportion in the latter class, B, being only 0-59 per cent., or 
only about one-fifth of that of the former class, A. This lower proportion 
is not a matter of accidental occurrence, but depends upon a genetic 
difference. That this is not a speculative suggestion is evident from an 
inspection of the data collected in Table XX containing the results 
of the cross M 3 x A 5, a cross of class B. The data, however, do not 
contain enough individuals for attempting a curve analysis. In the 
calculation of fasciation in the total normal F^ progenies, 5-75 per cent, 
is the result of the cross 326 x A 5, while that of cross M 3 x A 5 is only 
3-54 per cent. We raised the offspring of two F 2 fasciateds, of which one 
(No, 23) produced three specimens with flattened stems, while the other 
(No. 34) gave sixteen ofisjoring of which seven were false normals. From 
such evidence, the difierence may be regarded genetically either as due 
to the occurrence of an additional fasciation factor, or of a modifier or 
modifiers. Hence segregation in the hybrid progeny of the present cross 
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TABLE XX. 


The Eg data of the cross M 3 x A 5, showing the segregaUon 


Pedigree 

of fasciation and the related character 

Offspring of the normal-atoiniucd and uon-pear-lc 

Normal Fasciatod 

stem with Normal stem with Faseiated 
non-tiear stem with non-pear stem with 

lafed Fa. 

ti ' of 

/(I 

faseiated 

number 

leaf 

pear leaf leaf 

pear leaf 

Total 

stems 

Total of 13 

pedigrees 

218 

— — 


218 

■- 

Total of 29 

pedigrees 

643 

169 — 

— 

812 

— 

16 

15 

5 — 

2 

22 

9-09 

16 

17 

4 — 

3 

24 

12*50 

27 

19 

11 — 

1 

31 

3-23 

45 

15 

2 _ 

3 

20 

15*00 

46 

32 

8 — 

1 

41 

2-44 

58 

10 

5 — 

1 

16 

6*25 

02 

12 

7 

2 

21 

9*52 

Total 

120 

42 — 

13 

175 

7*43 


Offspring of the nonnal-stemnied and pear-loafed i'h. 


Total of 3 

pedigrees 

— 

26 — 

— 

26 

— 

8 

_ 

41 — 

9 

50 

18-00 

12 

— 

7 — 

1 

8 

12*50 

18 

— 

26 — 

4 

30 

13*33 

31 

— 

41 — 

8 

49 

16-33 

37 

— 

32 — 

5 

37 

13-51 

44 

_ 

26 — 

6 

32 

18-76 

48 

— 

43 — 

1 

44 

2-27 

53 

-- 

44 — 

3 

47 

6-38 

63 

— 

21 — 

5 

26 

19-23 

Total 

— 

281 — 

42 

323 

13-00 


Offspring of the fasciatcd and poar-loafed F^. 


34 

— 

7 

— 

!) 

16 

100-00 

56-25 

Total 

— 

7 

— 

12 

19 

63-16 


should be more complicated than that of the cross 326 x A 5. The 
proportions of non-fasciated families which breed true to normal, and 
those which segregate fasciateds, should be somewhat different from the 
proportions observed in the previous cross; for some increase may be 
expected in the proportion of the former sort of families. Actually we 
have 26 families of the former and 14 of the latter, omitting those con¬ 
taining less than twenty individuals. The proportion of segregating 
families in the total is 35 per cent., and 53-33 per cent, in the previous 
cross, representing a somewhat conspicuous difference as was expected. 
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On the Tioo-factor Hy'potliesis. 

Plagiwara, (1924, 1926) interpreted fasciation in terms of two factors, 
one of wliich was that for pear leaf. In my view, however, his data were 
not sufficient for establishing his hypothesis. The fact that his fasciated 
plants invariably bore pear leaves led him to conclude incorrectly that 
pear leaf was a manifestation of one of the fasciated factors, but this 
was owing to the fact that his data were not numerous enough to allow 
for breakage of the linkage. He postulated an ever-sporting nature of 
the factors concerned with the production of fasciation, but his conclu¬ 
sion, as far as I can judge, was surely taken from confused data. 

The Lack of Physiological Fasciation. 

The occurrence of non-heritable fasciation is a widespread phenome¬ 
non in various plant groups. In the Japanese morning glory, however, 
all fasciation would appear to have a factorial basis, and I have observed 
no single fasciated individual, which might have been physiologically 
produced during my thirteen years’ culture of this plant. I have ob¬ 
served oyer three hundred thousand full-grown individuals, but I found 
no such fasciated plant! Hence we may conclude that the Japanese 
morning glory is a species in which physiological fasciation hardly, if ever, 
occurs. 

The Bkeakage op Accompaniment op Fasciation and Pear Leap. 

Fasciation is almost always accompanied by pear leaf and this was 
also the case in old times. Fasciation seems to have made its appear¬ 
ance in pear leaves because specimens illustrated in the early literature 
invariably bore pear leaves (Fig. 9). Hagiwara (1924, 1926) regarded 
this accomjsanimeut as a manifold effect of the pear leaf factor, which, 
combined with another factor, produces a fasciated stem. In my experi¬ 
ments, however, I obtained a few non-pear-leafed fasciateds in the 
hybrid progeny, so that we cannot retain this hypothesis any longer. 

As was experimentally proved, my original fasciated pedigree strain, 
A 5, was pear leaf carrying the maple factor (Fig. 1, PI. XVII, fig. 1). On 
crossing this strain with normals we produced some fasciateds in , as 
indicated in Table XI; most of them bore pear leaves, but there were 
a few exceptions which bore non-pear leaves^. Such specimens were 
repeatedly observed in F^ from the same cross (see Tables XII and XIII). 


Journ. of Gen. xvxn: 


They produced no .seeds. 
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How can we account for these exceptional individuals? We may, 
probably rightly, attribute them to the existence of crossing over 
between the factors for pear leaf and fasciation, in which case the next 
problem is to determine the fasciation factor in question and the linkage 
value. 

Leaving the data for the moment, we may review the jP'., results 
of the cross 326 x A 5. Among the Fv^ pedigrees we can recognise cases 
in which segregation on a dihybrid scheme occurred for pear leaf and its 
linked fasciation factor (the latter being one of the three fasciation 
factors). The families collected in Table XXI are regarded as reces- 
sively homozygous for the other fasciation factors, and so the appear¬ 
ance of fasciation is attributable to the segregation of one factor only. 

TABLE XXL 

The F 3 data f^hovring the dihyhrid segregation of fasciation and pear leaf. 


(From Tables XII. and XIIT.) 


Pedigree 

Normal 
stem witli 
non-pear 

Normal 
stem with 

Fasciated 
stem with 
non-])ear 
leaf 

Fasciated 
stem with 


nmnber 

leaf 

pe.ar leaf 

pear leaf 

'ri..)ta] 

49 

43 

1 

— 

12 

50 

GO 

21 

— 

— 

5 

20 

79 

78 

4 

— 

24 

100 

83 

77 

2 

1 

17 

97 

80 

30 

1 

1 

14 

52 

101 

17 

, _ 

_ 

4 

21 

129 

70 

2 

— 

20 

98 

133 

98 

3 

1 

21 

123 

140 

17 

_ 

1 

3 

21 

170 

so 

— 

2 

20 

114 

178 

27 

__ 

—- 

8 

3;i 

Total 

070 

13 

0 

100 

.7-li) 

Expected 

.052-25 

9-.50 

9-50 

177-75 

749 


X" =^4-927. P = (M79, 


In the total number, 749,1 counted 106 fasciated specimens, or 22'16 
per cent., which, figure, as was stated above, must be sonunvhat aug¬ 
mented by taking into account the false normals. The deficit among tlie 
fasciateds on this account is, as pointed out earlier, about 11 per cent. 
If this value is taken in the present case, the 160 segregated fasciateds 
must be increased to ca. 184, i.e. 24-57 per cent, of the total, a simple 
recessive ratio. The occurrence of false normals may be justly expected 
in the present case, and the segregating number corrected accordingly. 
But the application does not seem to be so simple when we consider that 
the deficit may vary in different families according to the segregation 
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of modifiers. Tlie fasciateds witli non-pear leaves were not generally so 
evident in the flattening of their stems as those with pear leaves. One 
may therefore expect among them a somewhat higher deficit than among 
the pear-leafed fasciateds. The segregating numbers, if necessary, must 
be corrected under these conditions. So we have no alternative but to 
calculate the linkage value with the original data as they stand. From 
the total number in Table XXI, the gametic ratio is about 40 ; 1, 
or 2-44 per cent, of crossing over. This strong linkage will lead to 
fasciated specimens being almost always accompanied by pear leaves in an 
experiment carried on a small scale. As indicated in the former section, 
we assumed three factors, and F, for fasciation, of which and 
are linked together with a medium frequency of crossing over. Now that 
we have discussed the occurrence of a close linkage between the two 
factors for pear leaf and for fasciation, a question arises as to which one 
of the three fasciation factors is linked with p. If either or P is linked 
with p, these three factors must form a linkage group, while if is the 
one that is linked, then and p should segregate independently of and 
f^. From an inspection of the data (see Tables XII and XIII) I have 
picked out families showing similar segregation and collected them in 
Table XXII. 

The type of segregation is unusual in that the average frequency of 
the fasciated segregates is 13-91 per cent., and it can be identified with 

TABLE XXII. 

The F^ data showing linkage in a complicated, segregating type. 

(From Tables XII and XIII.) 

Normal Fasciated 



stem with 

Normal 

stem with 

Fasciated 


Pedigree 

non-pefn- 

stem with 

non-pear 

stem w'ith 


number 

leaf 

pear leaf 

leaf 

pear leaf 

Total 

12 

95 

6 

1 

12 

114 

28 

29 

12 

— 

9 

50 

33 

51 

10 

— 

8 

69 

77 

47 

7 

1 

10 

05 

82 

56 

8 

— 

12 

76 

99 

144 

13 

— 

33 

190 

106 

31 

8 

— 

4 

43 

US 

116 

15 

— 

19 

150 

121 

25 

5 

— 

3 

33 

136 

47 

14 

— 

8 

69 

138 

79 

16 

— 

10 

105 

158 

57 

17 

— , 

IS 

92 

181 

31 

8 

— ■ 

5 

44 

Total 

SOS 

139 

2 

151 

1100 

Expected 

817-58 

127-77 

7-45 

148-69 

1101-49 


X“ =5-121. P = 0-165. 
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type V in Table XVII. In this type, the ratio of the normal and fasoiated 
is 55 : 5, i.e. the proportion of the latter is about 14 per cent. The ab¬ 
normal percentage of the fasoiated is due to coupling between and 
If p segregated independently of these factors, it could not give such 
an unfamiliar ratio in these pedigrees. Consequently, we must con¬ 
clude that (or f^) is closely linked with. p. Between and there is 
about 20-25 per cent, of crossing over, and, at tiie same time, between p 
and about 2-5 per cent. So these three factors may be considered to 
occupy loci on the same chromosome in a definite arrangement. 


The Mode oe Segeegation of Maple and Variegation in 
Crosses involving Pasciation. 

Hagiwara (1924) recognized two characters, maple and variegation, as 
linked with fasciation. The Pg data, on which Ins consideration was based, 
did not seem to be enough to draw a conclusion, making ii; necessary to 
confirm his result with more data. 

On the Mci'ph Factor. 

In Table XXIII, I have collected my data showing the segregation 
of maple and fasciation in fasciation crosses. 

TABLE XXIIL 


The Pg data shoivivg the segregation of fasciation and maple corolla. 



Normal 

Normal 

Fasciaterl 

Fasoiated 

[ 


stem 

stem 

stem 

stem 



with perfect 

with a])lit 

■with jjorfect 

with H|)lit 


Cross 

corolla 

corolla 

corolla 

(torolia 

'total 

.320 X A .0 

48.') 

1.3.') 

14 

5 

().39 

81-1 X A S 

91 

28 

2 

1 

122 

.320 xATj 

4() 

10 

1 

0 

57 

.3.'50 X A 5 

108 

37 

1 

0 

146 

M 3 X A Ij 

168 

58 

1 

0 

227 

The result 

seems not to 

point to 

any special 

relation 

between 


characters in question. Hagiwara’s F» data, however, sliowed a, rehitively 
high coupling. The flowers of pear leaves are sometimes irregularly 
deformed and broken, especially in the fasciateds (PI. XVIIT, fig. 8 ). 


On the Variegation Factor. 

The data showing segregation in variegation and fasciation are 
collected in Table XXIV from my fasciation crossings. 
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TABLE XXIV. 


The Fg data showing the segregation of fasciation and variegation. 




Normal 

Fasciated 

Fasciated 



Normal stem 

stem with 

stem with 

stem with 



with self- 

variegated 

self-coloured 

variegated 


Gross 

coloured leaf 

leaf 

leaf 

leaf 

Total 

325 X A 5 

481 

139 

S 

11 

539 

320 X A 5 

47 

9 

— 

1 

57 

350 X A 5 

113 

32 

— 

1 

146 

]M 3 X A 5 

174 

52 

— 

1 

227 


These crosses were made with a fasciated strain hearing variegated 
leaves as one of the parents, and therefore, a relatively high production 
of the parental type, if any linkage occurs, was expected. Actually a 
majority of the fasciated segregates bore variegated leaves, which in¬ 
dicated the occurrence of a special segregation. As formerly stated, 
fasciation was induced by the meeting of three recessive factors, f^, 
and and it must be decided which of these three showed linkage, if 
any, with the variegation factor. If either or is linked with v, the 
variegation factor, this last factor should show linkage with p, the pear 
leaf factor, since f^, and p are linked together. To determine this it 

TABLE XXV. 


The Fg data showing the segregation of pear leaf and variegation 
in the crossing o/PV x pv. 


Cross 

Self-coloured 

non-pear 

loaf 

Variegated 
■ non-pear 
leaf 

Self-coloured 
pear leaf 

Variegated 
pear leaf 

Total 

M 3 X A 5 

143 

43 

31 

10 

227 

22-1 X A 5 

44 

17 

12 

3 

75 

350 X A 5 

87 

24 

25 

9 

145 

320 x A 5 

44 

9 

3 

1 

57 

325 X A 5 

355 

103 

123 

47 

639 

Total 

584 

195 

195 

70 

1145 

Expected 

544-05 

214-59 

214-59 

71-65 

1145 


X‘“= 5-943. P=0-115. 


would be best to test a dihybrid segregation with pear and variegated 
leaves. The data obtained by PV x pv are collected in Table XXV, while 
Table XXVI gives the result of the cross Pv x pV. If linkage took place 
between the factors in question, we should expect coupling in the former 
table and repulsion in the latter, whereas independent segregation is 
actually the case in both tables. This test suggests that the fasciation 
factor which is linked with v is neither P nor t\ but possibly P. To 
verify this and the linkage value, I carefully inspected the data, but 
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TABLE XXVI. 

The Fg data shoimuf the segreyalum of ‘pear leaf and vaneijation, 
in the crossinr/ of Pv x pV. 

Self-colcnired Variegated 


Cross 

65 X BD-B 
26-2 X BD-B 

non-pear 

leaf 

327 

256 

non-]3eai‘ 

leaf 

108 

78 

yclf-eolourcM 
iiear leaf 
113 

42 

1 Varie.jffitcd, 

pear leaf 'I'otal 

^ 26 tm 

7 383 

Total 

583 

186 

155 

33 957 

Expected 

538-31 

179-44 

179-44 

59-81 957 



19-333. . 

P=0-0002*. 



* This value is very low, mainly due to the excess and meagre productions in double 
dominant and double recessive classes. 

I failed to secure any decided clue owing to the complicate(i segregation 
of the characters. Be that as it may, the F 3 data seem to sliow a linkage 
of the same order as the A’a data, i.e. of about 20-25 per cent, of crossing 
over between and v. Hagiwara supposes the occurrence of a very high 
linkage (70 : 1 gametic ratio). 

This investigation was carried on under the direction of Ih'of. K. 
Miyake, to whom I wish to express my hearty thanks, as well as to Mr K. 
Hashimoto, who gave me great encouragement to complete this study. 
I also thank Messrs B, Kamia and K. Tabiichi for their friendly help in 
my experiments. Thanks are also due to Mr S. Takahashi, who kindly 
lent me his old books on the Japanese morning glory. 

Summary. 

1. Pear leaf behaves as a simple recessive to the normal 

2. Pear leaf resembles cordate leaf in shape, but the gcuictic factors 
upon which these characters depend are entirely diiTerent. 

3. The pear leaf factor combined with the “Bangiku ” factor re¬ 
presents a particular leaf with a coiitracteil and l)road(uie.(l j)(,!tiole. 

4. Pear leaf carrying the maple factor can be liardly distinguished 
from a normal pear leaf in appearance. 4Tie flower of the fo:rm(3:r, howtiver, 
is split into lobes, while that of the latter is perfect, though sometimes 
it is deformed and slightly divided. 

5. When homozygous for the “Eangiku” factor, the maple assumes 
the so-called “Mitsuo” leaf, the flower of which blooms in a split 
“Rangiku” way. 

6 . The pear leaf combined with the “Sasa” factor gives a slender, 
narrow leaf of the pear type, and a split corolla. 
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7. Thoiigli tlie original fasciated strain bred true to this abnormality, 
the fasciated specimens obtained in the hybrid progeny frequently give 
some normals. 

8 . A continuous variation in the degree of fasciation is exhibited 
among the segregates. In the most weakly fasciated specimens only 
a portion of the stem is flattened, and some genotypically fasciated plants, 
which remain normal throughout their growth, betray their nature by 
giving abundant fasciateds in their ofispring. 

9. Fasciation, which is a recessive character, occurs on a few in¬ 
dividuals in Fg from crosses with normals, the ratio of the fasciateds 
being only about 2 per cent, on an average. 

10. In an examination of the experimental data we can detect two 
forms of segregating ratios with relatively higher and lower proportions 
of fasciated plants. 

11. In the former case, the factors concerned with the production 
of fasciation are considered to be three, viz. F, and f^. 

12. The factors and P show linkage with about 20-25 per cent, of 
crossing over. 

13. A marked variation in the degree of fasciation and in the appear¬ 
ance of false normals may be accounted for by the occurrence and segre¬ 
gation of a modifier or modifiers, which qualify the manifestation of the 
trait. 

14. The lower proportion of fasciated plants in certain crosses is 
considered to be due to the occurrence of an additional fasciation factor, 
or of a modifier or modifiers. 

15. The marked accompaniment of fasciated stem with pear leaf 
is due to linkage, with about 2-5 per cent, crossing over, between p (pear 
leaf factor) and f^. The three factors, p, and ftherefore, may be con¬ 
sidered to be located on the same chromosome in a definite arrangement. 

16. The fasciation factor is linked with v, a variegation factor, 
with about 20-25 per cent, of crossing over, thus constituting another 
linkage group. 
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EXPLANATION OF PLATES XVII—XVIII. 

Fig. 1. A variegated, pear-leafed specimen (A 5) bearing split hewers. Note l.he:i'elaliv(dy 
broad s|)lit petals! 

Fig. 2. A “ Raiigiku ”-leafed speciinen. Note the irr(!gularly lobed leaves and disordered 
llower-buds! 

Fig. 3. Variegated ina])lc-“Sasa” leaf bearing a narrowly split llowtn.’ ilivided down to 
the bottom of flower tube. 

Fig. 4. “Rangiku” leaf bearing a creased flower. The gamopetalous corolla is uuu.sually 
composed of numerous ^jotals. 

Fig. 5. “Mitauo” leaf bearing a split flower, which, on account of the pufypetalous con¬ 
stitution, is niueh divided. 

Fig. 6. Maple leaf bearing .split corollas. This typo of flower is the same as that of Fig. 1. 

Fig. 7. Pear-“Sasa” leaf with split iloAvera. Note the more or lo.s,s closed fimnel-Hhapcd 
type of flower, and compare it with that of Fig. 9 on this plate. The somewhat closed 
corolla or “gentian” flower is an effect of the pear leaf factor. 

Fig. 8. A pear-leafed specimen with a broadly fasciated stem. Note the disordered corollas ! 

Fig. 9. A pear-leafed and fasciated specimen carrying maple factors. Note the irregular 
and split corollas! 

Fig. 10. Normal “Sasa” leaf bearing split flowers. 
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Introduction. 

The origin of the fatnoicl or false wild forms which occur in cultivated 
oats, Avena saliva L., has been the subject of much study and controversy 
for many years. The literature of this subject prior to 1925 has been fairly 
extensively reviewed in a previous publication (Husldns and Fryer, 1925), 
but it may briefly be summarised here and other recent work included. 
According to Zade (1918), Haussknecht in 1884 was the first to describe 
these forms, which he termed “Zwischenformen” or A. fatua var. 
transiens, in accordance with his opinion that they were forms in process 
of transition from the wild oat A. fatua L., to the cultivated A. saliva. 
Koernicke and Werner (1886) described forms of oats similar to those of 
Haussknecht, and attributed their origin to natural crossing between 
A. fatua and A. sativa. Fischer (1900) studied similar forms from winter 
oats, but questioned whether they could have arisen from crossing. He 
considered it more probable that they were “throw-backs.” Since that 
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time opinion has been sharply (livitled bidweon the two opf Hising i-heories 
ascribing their origin to natural (vrossing or in some, pi'oe.ess of mutation. 

Nilss()n-]i]hl (5 (li)ll, ll)‘J[n) has cari-ied on extensive. ex{)erime.nt.s 
with fatnoids from about 1900 to the preseni;. concludes lilni.t they 
'^^)riginate by loss mutation. Howes (!9()6), Thelluiig (1911), (hiddle 
(1912), Newman (1912, 1923), Akermau (1921), (lante (1921), Marrjuand 
(1922), Garbnr (1922), Ga.rb(.vr and Quis(nd)e.iTy (1923), Parknr (1921) 

, and Stanton, Coffman and Wiebe (192(1) have all brought forward 
evidence favouring the tluiory of origin by mutation. Zade (1912, 1918) 
and Tschermak (1914, 1918) have Ixhui the chief ex])oncnts of the 
‘^natural crossing theory. Orepin (1920), and Ib'idharn (1924) liave de¬ 
scribed forms intermediati'. ])etween A.fatna and A., sutiru winch were 
almost certainly tlui ])roduots of natural crossing, and have discussed 
their relation to tl\e fatuoid problem. 

All recent work l)e.arii\g <lii‘ectly on this prohJtun, and much, other 
work with an iiulirect hearing, indicates tlnd; tlu'. forms lu're (h'seribed 
as fatuoids owe tlieir origin to some sort; of mutationid [n'oeess, but it is 
also clear that otlier forms intermediate be.twetui A.fakut and A. saliva, 
and readily confused with true fatuoids, do ariscj l)y natural crrjssing. 

In general it seems safe to assume tliat all int(.'.rmcdiate forms which, 
on selfing give complex segregation involving a number of cliaracters, 
have arisen from the crossing of A. satmi and A. fal.ua. Fatuoids, on 
the other hand, may be described as derivatives of A. saliva, or allied 
species that differ from the variety of cidtivated oats in whioli tliey occur 
only in respect to the characters comprising the “fatuoid comphux.” 
In ordinary homozygous fatuoids this ci).mplex consists of a <listinct 
articulation (or “siicker-month”) surrounded by a imft oJ' hairs at tlui 
base of every grain, and a twisted, geniciilati', awn oji tlui lemma of eaoli 
grain. For such true-br{.',cding forins the nanui A. saUva fakmda, 
has been suggested (Huslvins and Fryer, 1925). Ilieterozygous fatuoids 
are intermediate in character between homozygous fatuoids ami, normal 
cultivated oats. They have the twisted, geniculate awn on. only the 
primary grain of each spikelet, and the suckGr-moiith ami l)avsal hairiness 
are much reduced. Homozygous fatuoid, heterozygous fatuoid, and 
normal segregates from four different strains of heterozygous fatuoids 
are shown in Plates XIX and XX. 

In nearly all recorded cases the lieterozygoiis form appears first. 
Marquand (1922), however, has described the direct appearance of the 
homozygous form from one seed from a normal plant of the Victo,ry 
variety. All the sister seeds produced normal plants. 



C. Leonard Huskins 


317 


Heterozygous fatiioids usually segregate homozygous fatuoicls, hetero- 
zygous fatuoids, aud normal oats, in a ratio of approximately 1 : 2 ; 1. 
Goulden (1926), however, found two other ratio tyj^es, and divergent 
types have been discovered in the course of the present study. One of 
Goulden’s divergent types gave dwarf sterile homozygous fatuoids, 
heterozygous fatuoids, aud normals in the ratio of 5 : 15 : 20. The other 
gave the same classes of segregates in the ratio of 60 : 63 : 16. 

The term “homozygous fatiioid” has become generally applied to the 
form showing the fully developed fatuoid characters, since these forms 
have until recently always been found to breed true. Stanton, Cofiman 
and Wiebe (1926), have, however, described fully developed fatuoids 
from Fulghum, a variety now classed as A. byzantina, which do not breed 
true. It seems possible that this may be the result of natural crossing, 
which has been shown to be especially common in this variety, though, 
as will be mentioned later, it might also result from chromosome aberra¬ 
tion. At any rate, until the possibility of natural crossing has been 
eliminated, it does not seem necessary to adopt a new terminology 
such as Stanton et al. propose. In this paper the fully developed fatuoid 
forms will therefore, in conformity with general usage, be referred to as 
homozygous fatuoids, or, more briefly, as horn, fatuoids, and the inter¬ 
mediate forms as heterozygous or het. fatuoids. 

In the course of the present study it has become obvious that the 
analogy between the fatuoid forms of oats and the speltoid forms of 
wheat is a very close one. Results of investigations on speltoids, of 
which there have been many extensive studies, will therefore be discussed, 
and an attempt will be made in a general way to correlate with the 
speltoid and fatuoid data some of the extensive geiietical and cytological 
results available from hybridisation studies in wheat and oats. 

Material and Methods. 

The fatuoid strains used have been obtained from many sources. 
The origin of each is given with the other data concerning it. 

Belling’s (1921) iron-aceto-carmine method, and a modification of it, 
was used for some early cytological observations and for a few recent com¬ 
parative studies. In the modified method, material is fixed in Carnoy’s 
fluid, and kept in 75 per cent, alcohol until required; slides are then 
jnepared as in Belling’s second method for fresh material, and sealed 
with a solution of gum-damar in xylol. 

The cytological figures in this paper are mainly from permanent 
paraffin sections. Two are from permanent smears prepared by a method 
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similar to that of Taylor (1924) except that Elemming fixative and 
iodine-gentian-violet stain are used, and three of pollen “tetrads” 
are from aceto-carmine preparations. 

Bonin’s fluid as modified by Allen (75 c.c. saturated a(pi(ious picric 
acid solution, 25 c.c. coinmorcial formalin, 5 c.c. glacial acetic jicid, 
2 grm. urea crystals, l-S grin, chromic acid) was the fixative used for 
practically all of the preparations figured. Carnoy, Flemming, ordinary 
Bouin, and Navashin fixatives have been used to a limited extent. 

Heidenhain’s iron-aliim-haematoxylin and iodine-gentian-violet have 
been used about equally for staining, and Cole’s (1926) rapid liaemo- 
toxylin to a small extent. The iodine-gentian-violet method is par¬ 
ticularly valuable for the interpretation of overlapping chromosomes. 
Mr W. C. F. Newton of the John limes Horticultural Institution 
devised this adaptation of the Gram method some four year's ago, but 
though it is now used by a number of workers, particulars of tlie original 
method have not jireviously been published. Preparations are stained 
in a 1 per cent, boiled and filtered aqueous gentian-violet solution for 
from 4 to 7 minutes. They are then rinsed rapidly in water and placed 
in a 1 per cent, iodine and 1 per cent, potassium iodide in 80 per cent, 
alcohol solution for about 30 seconds. From this they are passed almost 
as rapidly as possible through two jars of absolute alcohol, into clove 
oil, differentiated under the microscope, and passed into xylol. Tlio best 
results are obtained after chrom-osmic fixatives or Allen’s Bouin. For 
most other fixatives, modifications such as those of Clausen (1920) have 
to be adopted. 

Sections have been cut at lO/x-24/r. Owing to the large number of 
chromosomes, their bulk, and variation in size and form, it is usually 
difficult, even with the iodine-gentiaii-violet stain, to get clear inttjr- 
pretations of irregular chromosome structures in whole cells at diald iiesis, 
at which stage the nuclear diameter is 20/r or more. Cut cells have, 
therefore, to be used to a considerable extent in the study of this stugu!. 
A Zeiss 2 mm. apo. objective, 20 x ocular, and camera lucid a were used 
for all drawings showing chromosomes. At the drawing-table height 
used, this gave a magnification of 2550. 

Examinations of pollen have been made on ripe anthers fixed in 
Carnoy’s, and preserved in 75 -per cent, alcohol. Single anthers were 
then placed in a small drop of warm 2 per cent, gelatine on a slide, cut 
across, the pollen pressed out, and a cover glass large enough to cover all 
the fluid, applied. In doubtful cases all the grains on a slide were counted. 
Distinction has been made only between dark grains, and empty, trans- 
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parent ones. In some cases there are degrees of density in the dark 
grains which may indicate differences in viability, hut pollen germina¬ 
tion tests have not been made. Numerous check counts were made on 
some of the strains which gave very variable results, but only three or 
four of the largest and most representative counts are shown in the table. 

The calculations on. relative vigour of the different segregates from 
liet. fatuoids are based on the number of culms bearing mature heads, 
and upon the height of the tallest culm of each plant. Since only the 
immediate progeny of het. fatuoids are included, the different segregates 
measured were growing intermingled and should all be affected pro¬ 
portionately by all external influences affecting vigour. All plants were 
grown in rows 6 inches apart, and spaced 4 inches apart in the rows. 
The border plants were very little more vigorous than the inside ones, 
but where the number is large enough to permit it, as in strains 24-20, 
25-29, and 25-46, the border plants have been omitted from the calcula¬ 
tions. Inclusion of them would increase all the jneans and standard 
deviations very slightly, but should leave the relative differences un¬ 
changed, since all classes of segregates are affected proportionately. The 
calculations upon het. fatuoid Kanota 26-10, 11, 12, and 16, have been 
made both with and without border plants to show their effect. 

Winter generations have been grown in some cases to hasten genetic 
results. In Tables I, II and III all autumn sowings arc greenhouse 
sowings. For the cytological studies field-grown material has been used 
almost exclusively. 

Each plant propagated is given an individual number, but when 
related plants are discussed collectively they are designated by the strain 
number of the original plant from which they are descended. 

Normal Oat Species. 

A number of different species and varieties of oats have been studied 
cytologically for comparison with fatuoids, and the following chromo¬ 
some numbers, some of which have previously been published (Huskins, 
1925, 1926) have been determined from counts in pollen-mother-cells. 
Avena brevis^, A. strigoscA, A. Wiesf/iP- have 7/14 chro'mosomes; A. bar- 
baia^ (Cornell strain) 14/28; A. sativa'^ vars. Banner, Victory and 
Lincoln, A. sativa orientalis, A. sativa gigantica (Cornell), A. nuda^, 
A. hyzantina^’ A.faim^’ A. sterilis^^ ^ and A. ludoviciana^ have 21/42. 

1 The counts for these .specie.s agree with tho.se of one or more of the following authors; 
Kihara (1919, 1924), Nikolaewa (1922), Winge (192.fj), Dorsey (1925) and Stoke (1925). 

- Nikolaevya (1922) from sennatic counts has given higher numbers for these species. 
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These species thus fall into three distinct groups, a situation similar to 
/that in the genus Tritioum, except that in it many more species with the 
intermediate number, 14/28 are known. In botli genera tliere is con¬ 
siderable evidence that the species witli the liigher nurnbej' ot chromo¬ 
somes are derived from those with the lower. In all tlie. idiylogomhiically 
hexaploid species and varieties of oats examined, however, the cyto- 
logical behaviour is similar to that of normal dii:)loid species, the 42 
chromosomes regularly forming 21 bivalents at dialdnesis. In A. fat/ua 
especially, the divisions proceed with almost tliagrammatic regularity, 
and the pollen formed is practically all “good.” The percentage of empty 
pollen grains found is negligible, as shown in the three counts given in 
Table V. In none of the three varieties of A. saliva exa.mined are the 
reduction-divisions quite as regular as in A. fat/ua, but no irregularities 
of apparent significance have yet been found. The twenty-one l)ivalent 
chromosomes nearly always split juactically simultaneously in flic first 
anaphase, but occasionally laggard and vagabond cliroTnosomes are seen. 
The second division follows closely upon the first and is nearly always 
regular. The resultant microspore tetrads are of the bilaterail typo, and 
no deviation from this arrangement of tlie microspores has yi‘h been 
found ill the pure species. The pollen does not seem to be as uniformly 
good as in A. fatua, but the percentage of empty grains is still quite 
small. In the three counts of Banner pollen sliown in Table V, it ranges 
from 0*24 to 3*78 per cent. 

Fatuoids op Type 1. 

Under Type 1 are grouped all tlie lieterozygous fatuoids, whether 
of direct origin or derived from crosses Ixitwe.eu horn, fatuoids and 
normal oats, which segregate horn, fatuoids, lud;. fa,tuoids and mtrmals, 
of: approximately equal vigour and in a. ratio of ap]U‘oxima.tcly 1 : 2 : I. 
This is by far the most common typ(‘. of fatuoids and tlui only one that 
has been described prior to the present work and that of (Jouhlen (192(5), 
though different types of the closely analogous speltoids have been known 
for many years. Plate XIX, strain 26-24, and Plate XX, straiii 26-ll), 
are typical examples, showing the grain cliaracters and relative sij 5 (i of 
panicle of the three classes of segregates from Type 1 hot. fatuoids. The 
other features shown such as colour, panicle sho,pe, and absolute siz:e of 
panicle are, of course, varietal characters having no relation to tlie 
fatiioid question. 

Strain 24-20, on which the most data are availalde, originated from 
a single heterozygous fatuoid panicle found in a head-selection plot of 
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TABLE 1. 

Record of Eeterrmjgous fatuoid 24^20 and Progeny. 
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* 25-35 a and 25-35 h are primary, awned, and secondary, awnless grains respectively, from the same plant, 
t 25-154 and 25-157 were classed at harvest time as “probable bet.,” and 25-155 as' “possible nomial.” 
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Banner Oats in the Department of Field Husbandry Investigation Field, 
University of Alberta, Edmonton, Canada. The ge.netical data from tins 
strain are assembled in Table I. The deviation froni the expcctecl I :2 : 1 
ratio is seen to be great. The test for goodness of (it {TabUif< for 
Statisticians:, Pearson, 191.1) gives P •-= ‘OOOb, i.a. only 5 times in 10,000 
would such deviation be expected to occur solely by chance. 

Such deficiences in the fatuoid classes of segregates have been re¬ 
ported by nearly all workers witli fatuoids, and they liave g(vnorally 
I assumed that it occurs through the mutant plants being less vigorous 
than the normals, and more easily destroyed by any unfavourable 
environmental conditions. The present evidence does not sujiport this 
assumption. The statistical study of relative vigour shows in general 
til at there is little if any significant difference in vigour (as measured 
by height and number of culms per plant) between tlui differeni; classes 
of segregates from Type 1 het. fatuoids, though in fatuoids of the other 
types there are decided differences. The data on this point are assembled 
in Table IV, and are discussed in detail in the aiccount of eaoli strain. 

Direct evidence that the deficiency in the fatuoid classcis is not at 
any rate due solely to selective elimination by environmentid con¬ 
ditions is obtained by picking out from Tables I, II and III, 15 sowings 
which have given the highest germination and survival rates. From the 
total of 951 seeds in these 15 sowings, 921 seeds germinated, and 895 
mature plants were obtained. These 895 plants comprise horn, fatuoids, 
het. fatuoids and normals in the ratio of 207 : 432 : 256. In relation to 
the normal class there is here (neglecting probable error) a defioieney 
from the expected 1:2:1 ratio, of 80 het. fatuoids, and. 49 horn, 
fatuoids, while only 5G fewer mature prlants were produced than there 
were seeds sown. 

It will be noted that a number of sowings gaver very low g('.rminat;ion 
rates. Such sowings are mainly seeds from late-sown [rlant-s which w('.T'e 
damaged by frost before reaching maturity. Germina-tion counts were 
not made prior to 1926. In 1920 counts were made at various tinuss up 
to about six weeks after sowing. The highest count found during this 
period is given in the tables as the “nimdrer germinated,” tlxmgli a 
few seeds may have germinated after the last count. The low survival 
rate in 1926 of some strains sown later than about the end of Marcli 
is due to attack by the frit fly, Oscinis frit. 

j Selective elimination of fatuoid male gametes during sporogenesis 
/or fertilisation is believed to be the major cause of the deficiency in the 
fatuoid classes. Pollen counts (Table Y) .show tliat there i,s a nmcli 
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larger percentage of empty pollen in the segregates from het. fatiioids 
than in normal A. saliva or A. fatua, and though the results are very 
variable, the percentage is usually greater in horn, and het. fatuoid 
segregates than in normal sibs. 

If fatuoid gametes for any reason do function less frequently than 
normal gametes, this would account for the deviation from 1:2:1, 
and for the fact that when the het. fatuoid and normal cluvsses are added 
together and considered in relation to the bom. fatuoid class, the progeny 
of this het. fatuoid Banner strain 24-20 produce a fair 3 : 1 ratio 
[865 : 267, Expected = 849 : 283, P = -27 (Yule, Fourfold Tables, 1926)]. 

While bom. fatuoids can always be classified without difficulty, it is 
not always easy to distinguish between het. fatuoid and normal plants. 
In some strains very little difficulty occurs, but in others a progeny test 
has to be made before some of the plants can be classified with certainty. 
Environmental conditions very greatly affect the development of the 
awns in genetically normal segregates or pure varieties of A. saliva. 
If a number of genetically het. fatuoid plants happened to be classed as 
normal this would, of course, account for the deviation from the 1:2: 1, 
and the conformity to the 3 : 1 ratio. It happens that in the strain 
No. 24-20 distinction of the het. fatuoid and normal segregates usually 
seems to be quite easy. In the 1926 work only three plants that seemed 
doubtful were found. Two of these, 26-154 and 25-157 were classed as 
"‘probable het.” and the 1926 progeny test proved them to be bet. 
fatuoid. One plant, 25-155, was classed as “possible normal,” and turned 
out to be het. fatuoid. As shown in Table I, 14 other plants definitely 
classed at harvest as het. fatuoid or normal have proved in ail cases to 
have been correctly classified. 

The primary awned grains and secondary awnless grains from one 
plant, No. 25-35, of this strain were sown separately. As shown in 
Table I, their progeny ratios are similar. 

The 9 horn, fatuoid segregates from this strain which have been 
propagated have all bred true. The total number of progeny of one of 
them, 25-32, was apparently not recorded in 1925, the only entry that 
can now be found being “all bom. fatuoid.” The total progeny of these 
9 segregates can therefore be given only as 138 q- . 

The 6 normal segregates from this strain, recorded in Table I, have 
produced a total of 206 normal progeny and 1 bet. fatuoid plant. Since 
the parent of this het. fatuoid was not artificially selfed it may have 
arisen as the result of natural crossing. 

The calculations on relative vigour of the different segregates of 

Journ. of Gen. XW 
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tliis strain (Table IV), sliow similar results in 1925 and 1926. In neitlier 
year is there any significant difference in the height of the different 
classes, but in both years the standard deviation of tlie height is greatest 
in the horn, fatuoid class. The difference, thougli small, is probably 
significant in the 1925 results, and possibly so in 1926. The coefficient 
of variation of height gives the same results. Tin; number of culins is 
smallest in the horn, fatuoids in both years, and the difference is possibly 
significant in each case. There is no significant difference in the standard 
deviation of the number of culms in either year. 

Since the cytological findings are similar in all strains of fatuoids 
of Type 1 which have been examined, they will be described together 
at the end of this section after the genetic data from other strains liave 
been presented. 

Het. fatuoid Newmarket, strain 25-82, originated from a het. fatuoid 
plant found in 1925 at the University of Alberta in a sowing of horn, 
fatuoid seeds from the variety Newmarlcet. These seeds we,re obtained 
from Mr Norman Griddle, Dominion Departmenf- of Entomology, 
Ottawa, who had collected them about 1910 when he was studying 
fatuoids. Table II shows the progeny record of different panicles of this 
het. fatuoid plant. No. 25-82 a is seed from a single panicle wliich was 
covered with a manila bag during its flowering period. No. 25- -82 h is 
seed from the remaining panicles of this plant in which pollination was 
not artificially controlled. This difference in treatment should not, of 
course, affect the progeny ratios, as oats under most conditions are very 
closely self-fertilised. There is, however, a striking difference in the ratios 
from the two sowings. Together they form, a very good 1:2: 1 ratio, 

= 0-189 (P = close fit), but separately the deviation is great. Eor 
25-82 a P ~ 0-025. Though the numbers are small the fact is of interest, 
especially when considered in relation to Garl)er’s (1922) residts with 
Victory and Garton 784 fatuoids. His liet. fatuoid Victory strain ga.ve 
hoin. fatuoids, het. fatuoids, and normals in the ratio 80 ; 165 : 54 
(P ^ 0-0256), while het. fatuoid Garton gave 55 : 122 : 8! (P ■ 0-()498). 
But considered together, the ratio is 135:285:135 (y- • 0-4053; 
P = close fit). 

The calculations upon height and number of culms. Table IV, show 
that there are no significant differences in these respects be1;ween the 
different segregates from this het. fatuoid Newmarket strain, 25-82. 

Het. fatuoid Banner type, strain 24-26 (Table II) originated from 
a het. fatuoid plant found growing on waste land on the University 
Farm, Edmonton, The three classes of segregates from tliis, strain are of 
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apparently equal vigour, and tlieir numbers, 25 : 56 : 34, constitute a 
good 1:2:1 ratio = 1-42; P = -51). Both the artificially selfed and 
the uncontrolled panicles of the het. fatuoid plant 25-93, selected from 
this strain in 1925, gave practically perfect germination and survival 
rates in 1926. There is no possibility of appreciable selective elimination 
of any type of segregate here, and no significant difierence in the ratios 
from the artificially selfed and the uncontrolled seeds. 

TABLE II. 

Record of various Heterozygous fatuoid Strains of Type 1. 
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Het. fatuoid Banner strain 24-21 originated similarly to 24-20 from 
a het. fatuoid panicle found in a head-selection plot of Banner oats at 
Edmonton. Unfortunately the few seeds on this panicle germinated 
badly and gave only two horn, fatuoids, one clearly normal plant and 
two doubtfuls which were classed as “probable het.” Both these doubtful 

22-2 
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plants, 25-37 and 25-91, turned out to be genetically normal. Pive 
hundred seeds from them and the clearly normal plant all produced 
only normal type offspring. One hundred and sixty-four seeds from the 
two original horn, fatuoids, and two of their horn, fatuoid progeny pro¬ 
duced all horn, fatuoid plants except one which was het. fatuoid. As 
in the case of the het. fatuoid plant which arose from seed of a normal 
segregate of strain 24-20, the parent plant was not artificially selfed. 
The normal segregates of this strain are all much more heavily awned 
than ordinary Banner oats grown under similar conditions. Since no 
segregation ratios are available, this strain can be classified only on the 
basis of the comparative vigour of its horn, fatuoid and normal segregates, 
which does not differ, and on its cytology. The latter is of interest in 
view of the fact that normal plants were studied under tile mistaken 
impression that they were het. fatuoids. 

Het. fatuoid Victory, strain 25-52, het. fatuoid Garton 784, and het. 
fatuoid Aurora, Table II, are all from seed obtained from Professor R. J. 
Garber, West Virginia Agricultural Experiment Station, Morgantown, 
Va. They have been grown only on a small scale for cytological purposes, 
as their genetic behaviour has already been studied (Garber, 1922). 

Garber and Quisenberry (1923) have also shown that delayed germina¬ 
tion, which characterises A.fatua, is absent from these strains of fatuoids. 
The Victory and Garton 784 het. fatuoid strains germinated very badly 
in 1926 and were severely attacked by disease, bacterial blade blight 
probably being, the principal affection. The Aurora het. fatuoid strains 
germinated well and were disease resistant. , 

Seeds of a number of strains of fatuoids from the variety Kanota were 
obtained from Professor John H. Parker, Kansas Agricultural Station, 
Manhattan, Kansas. Kanota is a selection from the variety Eulghum, 
and with it is generally considered to belong to the species A. hyzantma 
C. Koch. Four of the het. fatuoid strains obtained, Nos. 26-10, 26-11, 
26-12, and 26-16, appear to be similar to Type 1 het. fatuoids from 
A. sativa, except, of course, for their particular varietal characteristics 
which include extreme earlmess, shortness of straw, small size of panicle, 
and yellowish colour of the grain. Typical panicles of the three classes 
of segregates from 26-10 are shown on Plate XX. As shown in Table II, 
these strains germinated well, and gave good 1:2:1 ratios. Together 
they gave 48 ; 100 : 54 (P = close fit). Table IV shows the het. fatuoid 
segregates to be slightly taller than the normals, both when the border 
plants of the plots are included and when they are excluded, but the 
differences are not statistically significant. The horn, fatuoids in both 
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cases are shorter than either of the other classes, and the difference is 
possibly significant in each case. The standard deviation of the height 
is least in the het. fatuoids, the differences again possibly being significant. 
It is greatest in the normals, this result being due to the occurrence of 
one normal plant only 26 inches high. The coefficient of variation gives 
similar results. No significant differences appear in the number of culms. 
The standard deviation of the number of culms seems to be significantly 
higher in the horn, fatuoid class in the calculations both with and without 
the border plants. The cytology of these strains of fatuoids from A. byzan- 
tina seems to be identical with that of Type 1 fatuoids from A. sativa 
with respect to the features characteristic of fatuoids, and will be. 
described with that of the others. 

Reciprocal crosses between a strain of pure Banner oats, and one of 
horn, fatuoids of the Banner type were made in 1924. The plants were 
grown in the greenhouse at Edmonton during the winter 1924-25. They 
appeared to be in every way similar to ordinary het. fatuoids of the 
Banner type. The seeds of the plant Horn, fatuoid x Banner were 
given the strain number 25-29, and the reciprocal was numbered 25-46. 
The F 2 generation was grown in the field in 1925 and 1926, and seeds 
from some of the 1925 F 2 segregates were also sown in 1926. The results 
are shown in Table III. As with strain 24-20, there is considerable 
deviation from the expected 1:2:1 ratio (P = *0082). But again, when 
the het. fatuoids and normals are classed together and considered in 
relation to the horn, fatuoids, a good 3 : 1 ratio is obtained (602 : 187; 
P = *97). In these strains, 25-29 and 25-46, classification of the different 
segregates seems to be even easier than in strain 24-20. No plants were 
classified as doubtful in 1925, and all plants propagated in 1926 proved 
to be correctly classified. The pollen counts (Table V), though again very 
variable, show clearly that a larger percentage of empty pollen is formed 
by segregates of het. fatuoids than by pure varieties of A. sativa or 
A. fatua, and both the het. and horn, fatuoid segregates have worse pollen 
than the normal sibs. Selective elimination of fatuoid gametes is there¬ 
fore again indicated as the cause of the deviation from 1:2:1. With 
almost perfect germination and survival rate in several sowings of each 
of the three classes of segregates, as shown in Table III, there apparently 
cannot he any appreciable selective elimination of fatuoids during either 
the germination or the growth period. The calculations on relative vigour 
of the different classes of segregates (Table IV) show no differences that 
are definitely significant either in 1925 or 1926, though several differences 
verge on significance. In 1925 the standard deviation and coefficient of 
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TABLE III. 

Records of Hybrids of Horn, faiuoids x Normal Oat Varieties, and Progeny. 
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variation of Leiglit of tlie lioni. fatuoid segregates were greater than 
ttLOse of the other segregates, but the situation was reversed in 1926. 

Seed of a similar hybrid, Horn, fatuoid x Banner, was obtained 
from Dr C. H. Goulden, Dominion Rust Research Laboratory, Winnipeg, 
who made the cross and grew the F-^ plant at the University of Saskat¬ 
chewan several years ago. Unfortunately these seeds were received and 
sown too late in 1926 to give satisfactory results. They were very badly 
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TABLE IV. 

Galculations on the relative vigour of the different classes of segregates 
from various strains ami types of het. faluoids. 

Mean S.D. of C. of V. of Mean No. S.D. of No. 
Strain and Ic oar Segregate.^ No. height height height of culms of oulm.s 

Het. fatuoid Banner, No. Horn, fatuoid 64 49-28i -37 442±-2U 8-98i -53 3-97±-16 1'93±-12 

24- 20,1925 crop Het. fatuoid 153 49-29 ± -16 2-99 ±-12 6-07 ± -24 4-50±-11 2-01 ±-08 

Normal Banner 76 49-70± -19 2-42±-13 497± -12 4-46±'16 2-01±-ll 

Het. fatuoid Barmer, No. Horn, fatuoid 150 55-39± -41 7-51±-29 13'5B± -54 2-07±-05 0'92±-04 

2-4-20,1926 crop Het. fatuoid 288 55-14± -25 6-23±-18 11-29± -32 2-32±-04 l-04±-03 

Normal Banner laS 54-81 ± -34 6-82±-24 12-44± -45 2-42±-06 l-13±-04 

Het. fatuoid e-v Horn, fatuoid Horn, fatuoid 22 41-23+ -72 4-99±-51 12-10±l-25 4-32±-29 l-9G±-20 
xBamier, No. 25-29, 1925 Het. fatuoid 43 43-19± -33 3-24±-24 7-50± -55 4-81±-18 l-76±-13 

crop Normal Baimer 26 42-81 ± -53 4-01 ±-38 9-37 ± -88 5-89±--12 3-18 ±-30 

Het. fatuoid ex Horn, fatuoid Horn, fatuoid 135 58-50± -25 4-28±-18 7-32± -30 2-44±-06 l-08±-04 

xBanner, No. 25-29, and Het. fatuoid 243 58-81± -20 4-61±-14 7-84± -24 2-44±-04 1-00±-03 

thej i-eciproeal, No. 25-46, Normal Bamier 159 59-08± -28 5-33 ±-20 9-02± -34 2-30±-05 0-93 ±-04 

1926 crop 

Het. fatuoid Newmarket, No. Horn, fatuoid 43 54-68± -49 4-74±-34 8-67± -64 2-44±-08 0-7B±-06 

25- 82, 1926 crop Het. fatuoid 83 55-78± -37 5-08±-26 9-11 ± -48 2-44±-07 0-02±-05 

Normal New- 39 55-74± -57 5-30±-40 9-51 ± -73 2-20±-08 0-T9±-06 

market 

Het. fatuoid Kaiiota, Nos. 26- Horn, fatuoid 48 40-33± -33 3-42±-24 8-48± -59 4-21±-18 l-87-±-13 

10, -11, -12, and-16, 1926 Het. fatuoid 100 42-31 ± -18 2-63 + -12 6-22± -30 4-21±-10 l-56±-07 

crop. Border plants included Normal Kanota 54 42-18± -39 4-21±-27 9-98 ± -65 4-04±-13 l-38±-09 

Het.fatuoid Kanota,Nos.20- Hour, fatuoid 30 39-87± -39 3-16±-28 7-92+ -69 4-00±-20 l-63±-14 

10,-11,-12, and-16, 1026 Het. fatuoid 87 -42-34± -18 2-47±-13 5-83± -30 3-95±-09 l-19±-06 

crop. Border plants e.xchrdud Normal Kanota 46 41-65± -42 4-25±-30 10-20± -72 3-8t5±-13 l-34±-09 

Het. fatuoid Kanota, No. 26- Horn, fatuoid 6 16-50±1-11 4-04±-79 — 2-50±-26 0-96±-19 

13,1926 crop Het. fatuoid 19 33-17± -68 4-25±-ll — 3-44±-18 1-12±-12 

Normal Kanota 8 41-88± -30 l-27±-21 — 4-50±-21 0-87±-15 

Het. fatuoid Victory, Nos. Horn, fatuoid 4 11-50 ± -56 1-66 ±-40 — 2-00 ±-24 0-71 ±-17 

25-98 and 25-150,1020 crop Het. fatuoid 72 47-24± -43 5-40±-30 — 2-28 ±-09 1-14 ±-06 

Normal Victory 17 51-06±l-38 8-42±-98 — 2-35±-26 1-61±-19 

damaged by the frit fly, as were a number of other late sown strains. As 
shown in Table III, they germinated fairly well, but the final survival 
rate was only about 35 per cent. The surviving 32 plants gave a perfect 
1:2:1 ratio. 

Seed from an plant of the cross Horn, fatuoid var. Sir Douglas 
Haig X normal Sir Douglas Haig was obtained from Mr R. J. Chittenden 
of the John Lines Horticultural Institution, who made the cross in 1922, 
and. grew the Fi in 1923. As shown in Table III, this Ag gave a good 
1:2:1 ratio. Typical panicles of the three classes of F^ segregates of 
this strain, 26-24, are shown in Plate XIX, 


The Cytology of Type 1 Fatuoids. 

The cytological study of the different strains of fatuoids included in 
Type 1 has shown that all three classes of segregates possess the normal 
number of chromosomes, viz. 42. In the numerous normal segregates 
that have been examined, the cytological conditions are more irregular 
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tiian in normal pure line varieties of A. saliva, though in general features 
they are similar. The presence of laggard and vagabond chromosomes is 
noted more frequently, and fewer cells show perfectly regular splitting 
of the bivalents in the first anaphase. A wide range of variation in the 
degree of irregularity is seen in different preparations, and although 
some attempts have been made to tabulate the irregularities on a com¬ 
parative basis, the results have been unsatisfactory. Probably associated 
with these chromosome irregularities, is the finding that a much larger 
percentage of empty pollen occurs in normal segregates of het. fatuoids 
than in normal plants of pure varieties. Specific chromosome irregularities 
such as the formation of trivalents or quadrivalents have not definitely 
been found in normal segregates. Two plants of strain 24-21, classified 
as “probable het.” were studied very closely for the occurrence of 
trivalents, which were expected, but only one structure of possible 
trivalent nature was found. This is shown in Pig. 15. It is possibly only 
a peculiar-shaped bivalent. As mentioned previously, the progeny tests 
later showed these “ probable het.” plants to be normals. 

Het. fatuoid plants of Type 1 show cytological irregularities similar 
to those of normal segregates, and in addition have characteristic chromo¬ 
some arrangements. The great majority of the pollen-mother-cells appear 
to have the normal chromosome complement of twenty-one bivalents 
at the heterotypic division, but occasionally one finds a trivalent and a 
univalent, giving a total of liii, 19ii, and li. More frequently one of 
these but not both are seen, and, still more frequently, a complex of 
possibly but not certainly trivalent nature is observed. The chromosomes 
of oats are very large in proportion to the size of the cells, and practically 
always overlap more or less; they differ considerably in size and shape, 
and the number is high. It is therefore not surprising that clear evidence 
of the presence of a trivalent and a univalent in the same cell is found 
only rarely. The number of times they can be seen probably gives very 
little indication of the number of times they actually occur. When the 
normal number of chromosomes is present, a trivalent must always be 
accompanied by either a umvalent or another trivalent, and no very 
clear evidence for the latter possibility has been found, though figures 
which might possibly be interpreted in that way have been seen. In 
the accompanying figures trivalents and univalents are shown at various 
stages, and where any doubt is felt regarding one of the structures this 
is indicated. Sometimes, instead of a trivalent and univalent, a very 
loosely united bivalent. Fig. 6, is seen. 

At the homotypic metaphase two chromosomes are sometimes seen 



Figs. 1-6, Iiet. fatuoids, and Figs. 7-10, liom. fatiioids from strain 24-20. For genetic results see Table I. 
All heterotypic divisions. Fig. la, diakinesLs, 9n+lin + l probable univalent displaced by knife.; 
1 b, lOii+l cut fragment, Fig. 2, metaphase, pola-r-view showing trivalent and probably 19li + li. 
Fig. 3, side view metaphase with trivalent at pole. Fig. 4, side-view metaphase with trivalent and 
univalent. Fig. 5, side-view inetaphase with trivalent and probable univalent. Fig. 6, polar-view 
metaphase with very loosely united bivalent. Fig. 7, side-view metaphase with loosely associated 
quadrivalent. Fig. S, polar-view metaphase, 19n-i-ltv. Fig. 9, polar-view metaphase with peculiar 
complex, probably quadrivalent with overlapping bivalent. Fig. 10 a, diakinesis, 14ii -|-1iy; 10 b, 5ii. 
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Figs. 11-18, all heterotypic divisions. Fig. 11 a. and b, diakinesis, one clear and one doubtful trivalent; 
het. fatuoid Aurora from 25-58. Fig. 12, polar-vicvv metapliase, 19ii-!-liii + li; bet. fatuoid Kauota 
from 26-16. Fig. 13, side-view ruetaphase rvith trivalent and univalent; het. fatuoid Newmarket from 
25-82. Fig. 14, late prophase with trivalent slow' in approaching the plate; het. fatuoid Aurora from 
25-58. Fig. 15, side view metaphase with doubtful trivalent; normal segregate from 24-21. Fig. 16, 
side view metaphase with trivalent; horn, fatuoid from 24-21. Fig. 17, side-view metaphase with 
quadrivalent or larger complex; hom. fatuoid from 24r-21. Fig. 18, side-view metaphase with quadri¬ 
valent; hom. fatuoid from 24r-21. Fig. 19, pollen tetrad with four chromatin bodies left out of the 
nuclei; hom. fatuoid from 24-1. 
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Eigs. 20-24, and 26, hoiuotypic divisions. Fig. 20, side-view raetaphase with two davighter nnivalents t 
the poles; hom. fatuoid F., segregate 25-120. Fig. 21, side-view metaphase with daughter univaler 
at plate; het, fatuoid Kanota from 26-16. Fig. 22, side-view metaphase with two delayed, attache 
chromosomes; het. fatuoid Kanota from 26-16. Fig. 23, side-view anaphase with split univalen 
het. fatuoid Kanota from 26-10. Fig. 24, side-view, metaphase permanent smear preparation wil 
daughter univalents at the poles; het. fatuoid Kanota from 26-10. Fig. 25, heterotypic anaphase, sid 
view, permanent smear preparation with split univalent; hom. fatuoid Aurora from 25-58. Fig. 2 
telophase with chromatin bodie.s left out of nuclei; hom. fatuoid F«, segregate 25-120. 

to be united, or at least very closely associated, instead of all being in¬ 
dependent (Fig. 22). Bitber two or four univalent daughter chromo¬ 
somes, presumably resulting from the splitting of unpaired chromosomes 
in the first division, are sometimes found towards the poles at the homo- 
typic metaphase, or at the plate in the anaphase. Figs. 20, 23 and 24. 
Where there are two such split nnivalents they may be both in one of 
the daughter cells, or one in each. Where there are four, two have always 
been found in each cell. Occasionally the membrane is re-formed around 
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the daughter nuclei before these laggards reach the poles, and they are 
left out in the cytoplasm of the microspores similarly to those shown 
in Fig. 19, which are from horn, fatuoids. 

In horn, fatuoids of Type 1, besides the indefinite irregularities, one 
finds occasional quadrivalent and trivalent chromosome complexes. The 
latter occur only very rarely, and the formation of quadrivalents appears 
to be the characteristic feature of these horn, fatuoid segregates. Diakinesis 
which furnishes good evidence of trivalents is, unfortunately, not as 
satisfactory a stage for the detection of quadrivalents. Figure eights are 
seen frequently at this stage, but generally it is difficult to determine 
whether they are large, twisted bivalents, or quadrivalents made up of 
smaller chromosomes. An example of which there is little doubt is 
shown in Fig. 10 a. The number of times such figiues can be detected 
probably gives very little indication of the number of times they 
actually occur. At the heterotypic metaphase quadrivalents are detected 
with more certainty, especially in iodine-gentian-violet preparations. In 
haematoxylin preparations, such as Figs. 9 and 17, the presence of over¬ 
lapping chromosomes usually prevents exact interpretation, and one 
can only say that there are certainly not fewer than four united chromo¬ 
somes, but in gentian-violet preparations the definitely quadrivalent 
nature can often be seen. The homotypic divisions are usually regular, 
but occasionally one or two split univalents are found in either one or 
both of the daughter cells, as in het. fatuoids described above. Microspore 
tetrads with the four microspores in a row, or with one pair at right 
angles to the other, instead of the normal bilateral arrangement, are 
found fairly frequently, but no supernumerary microspores have been 
noted. 

Fatuoid Types 2 and 3. 

The fatuoids first considered under this heading are the progeny of 
a single, het. fatuoid panicle found by Mr J. Ficht in a head selection 
plot of Victory oats on the University Farm, Edmonton, in 1924. This 
panicle bore 54 spikelets of which 45 had twisted, geniculate awns on 
the lower grains, and 9 were awnless. All but three of these seeds have 
been sown during 1925 and 1926, under the number 24-22, but they 
have produced only 14 mature plants, of which 7 were normals, 6 het. 
fatuoids, and 1 a sterile dwarf horn, fatuoid. The awned and awnless 
spikelets were sown separately and there is no evidence that they were 
genetically different. Though the numbers are very small, this seems to 
be a type analogous to Nilsson-Ehle’s C type speltoids which give 
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het, speltoids and normals in a ratio of 1 : 1, pins a few weak horn, 
speltoids. Typical panicles of the three classes of segregates from one of 
the six het, fatnoid offspring (strain 25-98) are shown in Plate XIX. 

Two of the het. fatnoid progeny grown in 1925, nos. 25-98 and 
25-156, and one of the normal progeny, 25-97, were propagated in 1926. 
Twenty-two seeds from the latter, sown 24. ii. 26, prodnced 22 normal 
progeny. Of 66 seeds from het. fatnoid 25-98 sown 22. ii. 26, and 44 
seeds sown 11. hi, 26, a total of 94 germinated, bnt many were very 
slow-growing, weakly plants, and these were largely destroyed by frit, 
only 60 plants reaching maturity. From Tables I, II and III, it may be 
noted that almost perfect survival rates were obtained from sowings of 
Type 1 fatuoids on these dates, so that the elimination in this strain 
is clearly specific, and not due to date of sowing, which, of course, often 
does determine the degree of damage caused by frit. Owing to dif¬ 
ferences in the degree of awning, shape of base and hairiness of base 
on the primary grains on different panicles of some plants, and on 
different parts of single panicles, as in the original parent panicle, many 
plants could not be classified with certainty. After several independent 
examinations they were classified, pending a progeny test, as 3 sterile 
dwarf horn, fatuoids, 28 het. fatuoids, 14 probable het, fatuoids, 8 
probable normals, and 7 normals. Of 110 seeds from het, fatuoid 
25-156 sown 24. ii. 26, and 44 sown 11. hi. 26, a total of only 100 
germinated, and of these only 66 reached maturity. These were classified 
as 1 sterile dwarf horn, fatnoid, 35 het. fatuoids, 20 probable het. fatuoids, 
2 probable normals, and 8 normals. Combining these two progenies and 
classing the probable het. fatuoids with the het. fatuoids, and the 
probable normals with the normals, gives a total of 4 horn, fatuoid 
sterile dwarfs, 97 het. fatuoids, and 25 normals. 

It seems that the segregation ratios of these two daughter plants are 
different from that of the parent, but until the complete progeny test 
is made, the exact ratio cannot, of course, be determined. Meanwhile, 
it appears probable that these are analogous to Nilsson-Ehle’s B type 
speltoids which give het. speltoids and normals in a ratio of 4 or 
5 : 1 plus a very few weak horn, speltoids. His B type speltoids also 
arise frequently from the 1 : 1 or C type. It is, of course, impossible to 
say with certainty that the extensive elimination of plants during the 
growth period in 1926 was selective with regard to the fatnoid character. 
An experiment to determine this point is being made in 1927. 

In the calculations upon relative vigour of the different classes of 
segregates from these two plants (Table IV), the most doubtfully classified 
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plants have been omitted. The mean height of the normals is 3*8 inches 
greater than that of the het. fatuoids, but the deviation within the 
classes is so great that the inter-class difierence is statistically of doubtful 
significance. The horn, fatuoids are quite dwarf and very weak. Their 
sterility is nearly absolute, but occasional panicles have one or two seeds 
developed. 

The Cytology of Tatuoids of Types 2 and 3. 

Cytological material collected in 1925 from het. fatuoid plant 29-98 
was examined during March and April 1926 and the chromosome number 
was found to be only 41 instead of the normal 42. Had this interesting 
fact been discovered earlier, more seeds of this plant and sister het. 
fatuoids would, of course, have been sown in 1926. Larger sowings are 
being made this year. In the meiotic divisions of the pollen-mother- 
cells the 41 chromosomes regularly form 20 bivalents, leaving one un¬ 
paired univalent. Thirty-three cells at the heterotypic anaphase stage, 
examined in side view, each showed the one univalent lagging at the 
plate and splitting longitudinally. In 204 cells at the metaphase examined 
in side view, the univalent was found lying off the plate in 83 cases, 
while in 121 cases it could not be seen and was presumably on the plate 
amongst the bivalents. At telophase most cells had the normal ap¬ 
pearance, the halves of the univalent apparently having reached the 
poles before the nuclear membranes were re-formed, but in a few cases 
these daughter-univalents were left out of the re-formed nuclei. Fig. 30 a 
and h shows a heterotypic anaphase in polar view. In Fig. 30 a there are 
20 chromosomes going to one of the poles, and one univalent at the plate 
just splitting, this being at a much lower optical level. The 20 chromo¬ 
somes going to the other pole are shown in 30 6. Six het. fatuoid plants 
of the 1926 generation from plants 25-98 and its sib 25-156 have been 
cytologically studied and found in general to be similar to 25-98 de¬ 
scribed above. Fig. 32, a side view of the first metaphase in an embryosac- 
mother-cell, shows a univalent chromosome on the plate. The number 
of bivalents cannot here be counted. In the homotypic anaphase there 
is usually one daughter univalent lagging at the plate in each of the 
daughter cells, as shown in Fig. 31 a and h. Occasionally both are in one 
cell. The behaviour so far described is, of course, such as would be 
expected in any case where an unpaired chromosome is present. In the 
first plant studied, 25-98, no deviations from this behaviour have been 
observed. But in these het. fatuoid offspring an occasional unexpected 
feature has been found. Of 122 first anaphase figures seen in side view. 
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J?igs. 27-30, and 32-35, heterotypic divisions; Type 3 het. fatuoids. Fig. 27, polar-view metaphase 
20ii -t-li; from 25-98. Fig. 28, side-view anaphase with univalent splitting at the plate; 25-98. Fig. 29, 
side-view telophase with split univalent; 25-98. Fig. 30 a, polar view anaphase with 20 chromosomes 
towards the pole and univalent at plate; 30 b, other pole with 20 chromosomes; 25-98. Fig. 31 a and b, 
homotypic anaphases with a daughter univalent in each cell; from 25-98. Fig. 32, enibryosac meta¬ 
phase showing univalent; from 25-98. Fig. 33, side-view anaphase with two univalents or one univalent 
and one delayed bivalent; from 25-98. Pig. 34, side view anaphase with 3 univalents and delayed 
bivalents; from 25-156. Figj 35, side-view anaphase with trivalent; from 25-98. Fig. 36, homotypic 
anaphase, side-view, with daughter trivalent; from 25-156. See text-pages 336 and 338 for discussion 
of these figures. 
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118 show one laggard univalent at the plate, while four show other 
conditions less easy to interpret. The first of these, Fig. 33, seems to 
have two univalents, though one is rather large, and may possibly be 
a small bivalent. Fig. 35 shows what is almost certainly a trivalent just 
splitting. The third and fourth each have three laggard univalents. One 
of them, Fig. 34, has also several bivalents which are slow in separating. 
One deviation from the expected feature of two daughter univalents has 
been found at the homotypic anaphase. This, shown in Fig. 36, consists 
of a trivalent which appears to be going entire to the one pole. 

The formation of the pollen tetrads does not appear to be affected 
greatly by the absence of one chromosome. The large majority are regular 
in form, though a number show small dark bodies outside their nuclei, 
similar to those in Fig. 19, which are presumably split univalents that 
have failed to reach the poles before the nuclear membranes were re¬ 
formed. The percentage of empty pollen varies very greatly in different 
flowers. Nine counts gave from 15 per cent, to about 75 per cent, empty. 
The four largest and most reliable counts are given in Table V. 

In the sterile dwarf horn, fatuoids the cytological conditions are 
extremely irregular. At diakinesis the pairing is usually very faulty. It 
is, in consequence, extremely difficult to get reliable counts. Fig. 38 
shows the most regular diakinesis that has been found, and it apparently 
has 20 bivalents, though in several cases the members’of these are only 
very loosely united and at one end only. In hundreds of cells examined, 
no regular metaphase plates have been found. The nearest approach to 
one yet seen is shown in Fig. 39. Here there are fairly clearly 18 bivalents 
and four univalents. Fig. 40 shows a fairly common condition in which 
some of the chromosomes have formed a resting nucleus, while others 
remain scattered throughout the cell. The homotypic division seems fre¬ 
quently to be suppressed entirely. When it does occur, it is hopelessly 
irregular. Fig. 37 a and h shows successive sections which can only be 
interpreted as a homotypic metaphase in a cell which has failed to form 
a wall between the nuclei after the first division. The total chromosome 
number is probably 40 in this cell. Such divisions as this doubtless give . 
rise to the giant pollen grains which are occasionally formed (Fig. 43). 
Practically no regular pollen tetrads are formed. Dyads and triads are 
very common, and all sorts of irregular arrangements up to ootads have 
been found (Figs. 41 and 42). The pollen is apparently almost entirely 
sterile, most of the grains being completely shrunken (Plate XXI, 
fig. 6). 

The normal segregates from the 41-chromosome het. fatuoids have the 
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Pigs. 37-43, sterile dwaii liom. fatnoids of Type 3. Fig. 37 a aad 6, liomotypic metaphase of cell 
which has not developed a dividing wall after the first division. Fig. 38, dialrinesis, 20n. Fig. 39, 
abnormal metaphase 18ii4-4i. Fig. 40, abnormal heterotypic division. Fig. 41, pollen pentad, aceto- 
carmine preparation, lOx ocular. Fig. 42, pollen hexad, aceto-carmine preparation 15x ocular. Fig. 43, 
anther loculus with normal size and giant pollen grains, 5x ocular. See text-page 338 for discussion 
of these figures. 
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normal 42 chromosomes, and are as regular in their cytological 
behaviour as the normal segregates from Type 1 het. fatuoids. 

Seeds of various types of fatuoids obtained from Dr C. H. Goulden, 
Winnipeg, Canada, were sown rather too late in 1926, and were all badly 
damaged by frit. Of 231 seeds from his Type 2 het. fatuoids, 218 ger¬ 
minated but only 97 remained at the end of the season, and most of 
these were very badly damaged by frit and secondary disease infections. 

These surviving plants were classified as 3 sterile dwarf horn, fatuoids, 
67 het. fatuoids, and 37 normals. 

Cytological material was collected from five plants, but, presumably 
owing to their unhealthy condition, most of it has proved unsatisfactory. 
Two of the het. fatuoid plants apparently have 41 chromosomes, and 
are probably similar in other respects to the het. fatuoids described 
above, but further material must be collected and studied this year, 
before this can be stated definitely. 

Fatuoids of Type 4. 

Type 4 is so far represented by a single strain from the variety 
Kanota, which was obtained early in 1926 from Professor J. H. Parker, 
Manhattan, Kansas, together with the Type 1 het. fatuoid Kanota 
strains already described. The horn, fatuoid segregates from this strain 
are all dwarf and sterile. A number of segregates are quite awnless, and 
clearly normals, but others which are probably het, fatuoid show con¬ 
siderable variation in the degree of awning. It remains to be seen whether 
this is merely fluctuation, or whether this class of segregates includes 
two or more genetically difierent types. The genetic data on this strain 
are very limited. Of the 44 seeds sown in 1926, 35 germinated and 
produced 8 horn, fatuoids, 7 het. fatuoids, 12 probable het. fatuoids, and 
8 normals. A single seed was obtained from one artificially selfed 
dwarf horn, fatuoid, and another by artificial pollination with pollen 
from a normal segregate. These were the only seeds produced by the 
8 horn, fatuoids. 

The calculations on relative vigour (Table IV) show difierences be¬ 
tween the classes of segregates which are clearly significant, despite the 
small size of the samples. Only 6 horn, fatuoid plants appear in these 
calculations, as two were killed in taking cytological material from 
them. In crowded plantings these horn, fatuoids Would probably perish 
at an early stage. In the widely spaced plantings here used they pro¬ 
duced two or three short weak culms, average 2-5, and attained an 
average height of 16-5 inches. The het. fatuoids and‘probable het. 
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fatuoids considered together attained an average heiglit of 33*17 ± 0*68 
inclies, as compared with 41*88 ± 0*30 inches reached hy the normal 
segregates. The average number of culms is 3-44 ± 0*18 in the het. 
fatuoids, against 4*5 i: 0*21 in the normals. The standard deviation of 
the height is much greater in both the horn, and het. fatuoids than in 
the normals. 


The Cytology oe Type 4 Fatuoids. 

The cytology of this type is of particular interest. Two of the horn, 
fatuoid dwarfs have been found to possess 44 chromosomes instead of 
the normal 42. In diakinesis these are sometimes seen to be arranged 
as 20ri+ liv, but in other cells there appear to be 22 distinct pairs, 
(Fig. 49). In the material so far collected, all of which has been examined, 
the chromosomes seem to he very irregular in their rate of approaching 
the metaphase plate, and are usually seen scattered throughout the cell. 
In many cells at the heterotypic metaphase one can be quite sure that 
there are more than 42 chromosomes present, but exact counts suitable 
for reproduction have not been found at this stage. Nevertheless, con¬ 
sidering the circumstances, the first division proceeds more regularly 
than might be expected. In many cells odd bivalents lie at the poles 
while the remainder of the chromosomes are dividing, and in others 
bivalents lag at the plate during the anaphase, but these irregularities 
are found also in horn, and het. fatuoids of Type 1 with the normal 
number of chromosomes, though probably not as frequently. These ir¬ 
regularities make it difficult to obtain counts at the anaphase also, but 
Fig. 48 a and b shows a cell which has 22 chromosomes fairly clearly 
at each pole in the heterotypic anaphase, plus a small cut fragment in 
one section. This is from a preparation fixed in Carnoy’s fluid, which 
accounts for the relatively smaller size of the chromosomes. The homo- 
typic divisions seem to proceed fairly regularly except for the frequent 
occurrence of laggard chromosomes at both the metaphase and anaphase, 
but sufficient material was not available for an extensive study to be 
made of these second division stages. 

The pollen tetrads formed are fairly regular in appearance, and super¬ 
numerary microspores have not yet been observed. The pollen grains 
up to a fairly mature stage also appear to be normal with dense cyto¬ 
plasm. It appears, however, that as the pollen is ripening, degenerative 
processes set in. This stage has not been studied in sufficient detail for 
final conclusions to be drawn, but examinations of pollen from three 
fully ripe anthers from difierent plants have shown all the grains to be 

23-2 
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Tj'pe 4, het. fatuoids; Figs. 44-46, and 48-50 heterotypic divisions. Fig. 44, polar view metaphase, 21n + li; 
het. fatuoid. Fig. 45 a, diakinesis, 17n + lni; 46 5, 3ii; het. fatuoid. Fig. 46, diakinesis, 2011 +lin; 
or 21n + li; het. fatuoid. Fig. 47 a and b, homotypic anaphase with three daughter univalents in each 
cell, one of which has divided a second time; het. fatuoid. Fig. 48 a, polar-view anaphase, with 22 
chromosomes plus a cut fragment; 48 6, showing 22 chromosomes at the other pole; horn, fatuoid. 
Fig. 49, diakinesis, 22n; horn, fatuoid. Fig. 50 a, polar view metaphase, 19il + lin; 50 6, In near pole; 
het. fatuoid. See text-pages 341-343 for discussion of these figures. 


empty, wliereas in four nearly mature anthers pollen grains were found 
in all stages from completely dense to empty similar to those shown in 
Plate XXI, fig. 8. 

Panicles from three het. fatuoid plants of this strain were fixed for 
cytological study, and all this material has been examined. One plant 
gave no division stages suitable for. counting. Each of the other two 
has 43 chromosomes. Pig. 45 a and b shows a chromosome complement 
of 20ii + liii at diakinesis, and this seems to be the usual arrangement. 
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The trivalent in this figure is well in the centre of the cell, away from the 
cut surfaces. In Fig. 46 the extra chromosome Lies on top of a bivalent, 
and may or may not actually be connected to it. Fig. 44 shows a meta¬ 
phase plate, Carnoy preparation, .in which there are clearly 2 In 4- li. 
Fig. 50 a and b shows a cell at metaphase with a clearly trivalent body 
well ofi the plate. The remainder cannot be counted with' certainty, 
but there appear to be 19 in the one group at the plate, while another 
bivalent has lagged at the pole and so comes in the next section. Side 
views of the first anaphase in some cells show a univalent spbtting at 
the plate while the remainder of the chromosomes have proceeded 
regularly to the poles. In other cells the anaphase is very irregular. No 
good polar views giving clear counts at the anaphase have been found. 
The homotypio divisions usually proceed fairly regularly except that 
from one to three daughter univalent chromosomes are frequently seen 
in each daughter cell. Fig. 47 a and b show a homotypio anaphase pair 
with three in each cell. In one of these cells one of the daughter uni¬ 
valents has divided. As shown in Table V, there is a considerably 
greater percentage of empty poUen in the het. fatuoid segregates of this 
strain than in the normals. 

Cytological material was collected from two normal segregates of this 
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strain. Both, have the normal chromosome number, 42, and the divisions 
are comparatively regular. The pollen in three flowers examined was 
particularly good, as shown in Table V. 

It is obvious that a much more extensive study, both genetical and 
cytological, must be made of this very interesting strain of fatnoids, 
but the evidence from the limited number of plants studied seems to be 
fairly clear so far as it goes. 

Miscellaneous Hom. Fatuoids. 

A large number of strains of hom. fatnoids obtained from various 
sources have been propagated. They are recorded in Table VI. All but 
two have bred true to the hom. fatuoid type. The het. fatuoid from hom. 
fatuoid Newmarket may have arisen through natural crossing, as pol¬ 
lination was not controlled. The hom. fatuoid Banner which has given 
a normal plant among its progeny, was artificially selfed. Even had 
it not been controlled, natural crossing with a normal plant would, be 
expected to produce only the het. fatuoid and not the completely normal 
type direct from the hom. fatuoid. There is, of course, the possibility 
of accidental admixture of seed, but in view of the particular circum¬ 
stances I consider this very improbable. Further evidence may be 
obtained from 1927 sowings, and until this is available the possibility 
of this normal plant haviug arisen as a bud sport need not be considered. 

One hom. fatuoid strain, Banner type, 24-17, gave amongst its 
progeny one sterile, dwarf hom. fatuoid. Its cytological behaviour is 
similar to that of the hom. fatuoid sterile dwarfs from Type 3, 
which have been described. Its chromosome number is also almost 
certainly 40. This plant bore six viable seeds, four of which were on 
panicles which were artificially selfed, and two on uncontrolled panicles. 
All six seeds produced sterile dwarf hom. fatuoid plants like the parent. 

Many plants of the hom. fatuoid strains Banner 24-1, Storm King 
25-21, Old Island 25-22, and Newmarket 25-23, have been cytologically 
examined. Most of the findings in the first three of these strains have been 
reported in a previous publication (1926). They are in all essential par¬ 
ticulars similar to the hom. fatuoid segregates of Type 1 here described, 
but the irregularities seem to occur less frequently in these strains, which 
have been breeding true to type for some years, than in the newly 
segregated hom. fatnoids. 

One hom. fatuoid plant from the Victory strain 26-21, which, as 
previously mentioned, originated directly from the normal in Mr C. V. B. 
Marquand’s cultures, has also been examined cjrtologically. It has the 
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Miscellaneous Homozygous fatuoids. 
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25-56 

u. 

1926 

11 

6 

_ 

— 

6 

town, Virginia 

Horn, fatuoid Am’ora; from R. J. Garber, Morgan¬ 

25-61 

u. 

1926 

11 

11 

_ 

_ 

11 

town, Virginia 

Horn, fatuoid Sir Douglas Haig; from R. J. Chitten¬ 

26-2 

u. 

1926 

22 

18 

_ 

— 

18 

den, Merton 

P’s Horn. fat. Sh* D. Haig xHom. fat. Sir D. Haig; 

26-21 

u. 

1926 

11 

8 

_ 

— 

8 

from R. J. Chittenden 

Horn, fatuoid Siberian; from Prof, Summerby, Ste 

25-160 

u. 

1926 

14 

1 

_ 

— 

1 

Anne, Quebec 

Horn, fatuoid Eanota; from J. H. Parker, Man- 

26-1 

u. 

1926 

11 

1 

— 

— 

1 


* One plant was sterile, dwarf hom. fatuoid, bearing only 
t Dwarf sterile bom. fatuoids simUai to tbe parent. 


six yiable seeds. 
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normal number of ckromosomes and cytological bebavionr similar to 
that of these other horn, fatuoids. 

Two of these strains of horn, fatuoids, 24-1 and 26-2, have given 
Type 1 het. fatuoid strains 25-29, 25-46, and 26-24 when crossed with 
normal oats. In view of this and of the cytological characteristics of 
all of the many plants investigated one seems justified, for the present at 
least, in including under Type 1 all horn, fatuoids which are comparatively 
fertile and of normal vigour for their variety. Horn, fatuoids of the other 
types so far obtained are, as has been shown, quite distinct in these 
respects. 

Other Miscellaneous Tatuoiu Types. 

Three typicalhom. fatuoid seedsfromthe variety Abundance, obtained 
from Mr C. W. Leggatt, Calgary, were planted in 1926, and have given 
two ordinary horn, fatuoid plants, and one which is intermediate in 
character. All the grains of the latter bear twisted geniculate awns as 
horn, fatuoids do, but in the shape of the bases and the degree of hairiness 
they are similar to het. fatuoids. 

A somewhat similar intermediate type from the variety Ceirch du 
bach was obtained from Mr E. T. Jones, Aberystwyth. He had pre¬ 
viously found it to breed true with respect to these “semi-fatuoid’’ 
characters. Twenty-two seeds, sown in 1926, gave 21 plants, all similar 
in grain type to the parent, but one was very weakly and dwarf. Cyto¬ 
logical material has been collected from these plants, but not yet studied. 

A fatuoid type has recently been found in A. ludoviciana. 

Discussion, 

The correlations found between the chromosome numbers and cyto¬ 
logical behaviour on the one hand, and the genetic ratios and relative 
vigour of the difierent classes of segregates from het. fatuoids on the 
other, are so close that one is forced to assume a causal relationship. 
While the data are not yet quite extensive enough-to permit the formula¬ 
tion of a complete scheme covering all the types of fatuoids known, they 
do appear to indicate clearly the general nature of the mechanism which 
produces fatuoids from normal cultivated oats. 

The different types of fatuoids here described, and those of Goulden 
(1926) bring our genetic knowledge of fatuoids very closely into line 
with that of speltoids. Similarly, Winge (1924) found cytological con¬ 
ditions in a 1 : 2 : 1 type strain of speltoids practically identical with 
those here described in the analogous type of fatuoids. But, on the other 
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liaiid, in a 1 : 1 type speltoid and in a dwarf clnb type he found normal 
cytological conditions, whereas, in the more or less analogous fatuoid 
forms here described, very irregular cytological conditions prevail. In 
other forms of wheat “aherranten” not dupHcated in this fatuoid series, 
he found some with abnormal chromosome numbers and behaviour. 
From this evidence Winge concludes that speltoids, and the other 
mutant forms of wheat studied, arise through chromosome aberrations. 
To distinguish them from point or gene mutations he designates them 
“aberranten.” Winge mentions that Lindhard (1922) had, without cyto¬ 
logical evidence, suggested the possibility of speltoids arising through 
chromosome aberration, but points out that most other workers have 
sought explanations in various hypotheses of gene mutation complicated 
by heterogamy and differential elimination of zygotes in certain cases. 

The earlier literature concerning the origin of fatuoids is much less 
complicated than that on speltoids, since most workers with the former 
have found only the 1:2:1 segregation type, here designated Type 1, 
whereas the more peculiar segregation types of speltoids have long been 
known. The exponents of natural crossing hypotheses have been more 
numerous in the literature of fatuoids than of speltoids. The more recent 
work on fatuoids has, however, shown a striking similarity to that on 
speltoids. Since the hypothesis of natural crossing between Avena sativa 
and A. fatua has been shown to be inadequate to explain the origin of 
fatuoids, most workers have favoured a gene mutation hypothesis. So 
long as only Type 1 strains of fatuoids were known, and no splitting of 
the group of characters comprising the fatuoid complex had been ob¬ 
served, this hypothesis gave a satisfactory explanation. G-arber (1922) 
and most other workers have beheved that the characters which dis¬ 
tinguish fatuoids are conditioned by a single factor difference, though 
Nilsson-Ehle (1921 a) favoured the assumption that a very closely hnked 
group of factors rather than a single factor is involved. Mr E. T. Jones’ 
discovery of a true-breeding intermediate type fatuoid in Ceirch du bach, 
and the discovery here described of a fully awned but intermediate-base 
type arising from horn, fatuoid Abundance, prove the validity of Nilsson- 
Ehle’s assumption, and, of course, in themselves indicate that more than 
a single gene mutation is involved in the production of fatuoids. 

In a short note on the cytology of one strain of horn, fatuoids 
(Huskins, 1925) it was pointed out that the evidence warranted the hypo¬ 
thesis that fatuoids arise through chromosome aberration. The genetic 
evidence now available suggests that either a whole chromosome or a 
sectional change, rather than a single gene mutation is involved. The 
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cytological evidence seems clearly to show that it is whole chromosome 
changes which produce the difierent types of fatuoids here studied. The 
true-breeding intermediate fatuoid forms may be found to owe their 
origin to either gene or “deficiency” mutations, but crossing-over 
between “semi-homologous” chromosomes would seem to be an equally 
valid possible cause of origin. 

Before proceeding to outline a diagrammatic scheme which is believed 
to be capable of explaining the main general features involved in the 
origin of fatuoids and speltoids it is necessary to consider some of the 
evidence on the origin and genetic nature of cultivated wheat and 
oats. Simple gene differences appear to be inadequate to explain many 
of the most interesting facts discovered by hybridisation studies in 
wheat and oats as well as by studies on speltoids and fatuoids. Devia¬ 
tions from ratios of the types produced by the segregation of simple 
factors or genes may be expected when one is dealing with polyploid 
species, especially if of mixed ancestry. The consideration of such ancestry 
is therefore of importance, even though only generalised ideas are yet 
possible. The origin of cultivated wheat and oats has been much dis¬ 
cussed by Percival (1921), Gates (1924), Vavilov (1926), and many others. 
Only a few general principles can be discussed here. 

Percival (1921), p. 355, has pointed out that mutations occur much 
more commonly in Triticum vulgare or T. compactum, which he considers 
to be of hybrid origin, than in T. durum or T. dicoccum, and he states 
that he has never known a mutation in T. monococcum. We now know that 
the first two of these species are hexaploid, the third and fourth tetra- 
ploid and the last diploid. Winge (1924) has not especially considered 
the relation of the probable hybrid origin of cultivated wheats to the 
speltoid problem, but has stressed the polyploid nature of these species. 

Probably hybridisation and polyploidy are related phenomena in. the 
origin of wheat and oats, and are equally and jointly responsible for the 
origin of speltoids and fatuoids as well as for many of the peculiar 
features discovered in hybridisation studies. 

In both Triticum and Avena the commonest cultivated species are 
phylogenetically hexaploid. Several tetraploid Triticum species are 
fairly widely cultivated, but tetraploid oats are comparatively rare. In 
both genera the diploid species are of very low economic value. In the 
hexaploid species of both genera, multiple independent factor series have 
been found. The best-known case is Mlsson-Ehle’s discovery that dif¬ 
ferent varieties of wheat carry one, two or three independent factors 
for the red colour of the grain. Boshnakian (1922) states: “There exists 
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in wheat more than one density factor belonging to multiple series.” 
Akerman (1924) has found varieties of oats with either one or two indepen¬ 
dent factors for black glume colour, and his findings in oats which bleach 
in direct sunlight (1922) fit a triple independent factor scheme. 

The present polyploid series in Triticum and Avena might, of course, 
have arisen either by multiplication or reduction of chromosome numbers, 
but all the available evidence favours the former possibility. The multi¬ 
plication may have occurred directly, or through the intervention of 
hybridisation, or by a combination of the two. One primitive diploid 
species may have formed a tetraploid by direct doubling, or a tetraploid 
may have arisen from the crossing of two diploid species. The hexaploid 
species almost certainly arose through the hybridisation of a tetraploid 
with another diploid species, as Clausen and Coodspeed (1925) have 
demonstrated experimentally in Nicotiana. 

This conception of a hybrid polyploid ancestry for wheat and oats 
is based primarily on the evidence available from geographical distribu¬ 
tion and taxonomic studies, and more definitely on the basis of analogy 
with experimental evidence from other genera such as Karpechenko’s 
(1927) artificial species from the cross RapJiaoius sativus x Brassica 
oleracea, the fertile octoploid Aegilotncum species obtained by Tschermak 
and Bleier (1926) from the crosses A, ovata x T. dicoccoides and A. ovata 
X T. durum and the case of Primula Icewensis. It fits the extensive 
genetic and cytological evidence from intervarietal, interspecific, and 
intergeneric crosses in the cereals, as well as the speltoid and fatuoid 
data, much better than that of the direct triplication of a single diploid 
set of chromosomes assumed by many workers. Such a triplication with¬ 
out the intervention of hybridisation has never been shown to occur in 
experimental studies. If one assumes it, then one has further to assume 
that various parallel and complex mutations must have since occurred 
in different tetraploid and hexaploid species. 

Direct reconstruction of modern wheat or oat species by hybridisa¬ 
tion of existing primitive species may be an impossible task, and so 
direct proof or refutation of this conception may never be available. 
But evidence strongly corroborative of its plausibility is obtained from 
the artificial species mentioned. The case of Primula keivensis as 
demonstrated by Newton and Pellew (1926) is probably one of the best 
instances on account of the correlated genetic and cytological evidence. 
The cross P. verticillata x P. floribunda produces P. Icewensis. Both the 
parents are diploid species having 9/18 chromosomes. The immediate 
offspring is a sterile diploid. The striking feature of its cytology is that 
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practically perfect pairing occurs between tbe chromosomes of the two 
species, and yet few if any viable gametes are formed. By bud-sporting, 
fertile forms of P. hewensis have several times been obtained. These 
have been found to be tetraploids, having 18/36 chromosomes. These 
tetraploids breed relatively true to type except with regard to mealiness. 
The cjdological behaviour is well in accord with these genetic facts, as 
the usual arrangement of the chromosomes at the metaphase is 16ii -p liv. 
If the factors for mealiness and non-mealiness are carried by the chromo¬ 
somes constituting this quadrivalent, then the random distribution of 
the members of this group will account for the segregation in respect 
to mealiness. The correct pairing and separation of the other chromo¬ 
somes will account for the lack of segregation of other characters, and 
so this known hybrid, with specific characters which exist only as the 
expression of a balance between different sets of factors, breeds relatively 
true to type. The exceptions other than mealiness have all been found 
to be due to chromosome aberrations. 

Applying this conception of hybrid polyploid nature to cultivated 
oats, it appears that all the known facts are in conformity with it. 
Unfortunately, less is known of both the origin and the genetic nature 
of the different oat species, than is known of wheat. Vavilov (1926) 
shows that cultivated oats have a polyphyletic origin, and that they 
were known to the ancients as weeds admixed with other cereals. 

A large number of hexaploid types of oats, many of which are of 
widely different geographical distribution, have been given specific rank, 
but with few exceptions these species intercross and produce offspring 
with undiminished fertility. The characters on which their specific 
identity is based are in many instances found to be transmitted similarly 
to a single Mendelian factor difference- The cross A.fatua x A. saliva, 
which is the one most widely studied, is an excellent example. Surface 
(1916) found eight characters of base, awn, and pubescence to be linked, 
and to segregate in a 1 : 2 : 1 ratio. In the cross A. nuda x A. saliva, 
Caporn (1918) found that the plants carry both nuda and saliva type 
grains. The shows a bewildering mixture of forms, but the plants 
with only saliva type grains occur in a ratio of 3 ; 1 of the other types. 
The most interesting fact which emerges is that the multiflorous con¬ 
dition of the spikelets appears only when the grains are of the nuda 
t 3 q)e. Love and McEostie (1919) from a similar cross, found in the 
a 1 :2 ; 1 ratio of saliva, intermediate, and nuda forms. The intermedi¬ 
ate segregates varied greatly in appearance, but in general all tended to 
give a 1 :2 :1 ratio, while those of the parental types bred true with 
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respect to the characters under consideration. In these crosses it seems 
reasonable to assume that the parental species differ in their specific 
essentials by a single pair of chromosomes carrying the factors responsible 
for the production of these linked characters. Some preliminary observa¬ 
tions indicate that there is probably cytological evidence for this assump¬ 
tion. Such an assumption further explains the very rare occurrence of 
crossing-over or the splitting of these factor complexes. 

Professor Shegalov of Moscow has probably the largest range of oat 
hybrids in the world, but unfortunately very few of his results have yet 
been published. A few of his findings, personally communicated, may 
with his permission be mentioned. In any cross of A. sativa x any wild 
species, he always obtains a few A. nuda plants in later generations. 
The cross A. hrevis x A. nuda hiaristata, both diploid species, gives an 

which is like A: strigosa, a third diploid species. The characters 
of A. sterilis are dominant to those of A.fatua and recessive to those of 
A. sativa, but in neither case completely so. A. sterilis x A. sativa gives 
a monohybrid segregation. A. sterilis x A.fatua gives a few intermediate 
forms in the second generation. 

All these facts seem to support the hypothesis that cultivated oats 
have arisen from hybridisation between two or three primitive species, 
followed by polyploidy. 

Malinowski (1926) has made an ingenious attempt to explain certain 
data from interspecific crosses in Triticum by assuming that the chromo¬ 
somes assort in united groups of threes in hexaploid wheat species, and 
in twos in tetraploids, instead of individually. While this would explain 
some phenomena it not only lacks cytological evidence but is in contra¬ 
diction to that so far available. If we follow the conception of a hybrid 
polyploid origin for wheat and oats suggested above, and consider that 
the typical features of many of the difierent species probably depend 
upon a balance of diverse factors (for which the extreme range of varia¬ 
tion in some characters caused by environmental conditions perhaps 
provides some direct evidence), a scheme can be evolved for wheat 
which appears to fit the facts obtained from hybridisation studies equally 
well and to be in accord with the cytological evidence. This scheme 
would also fit most of the speltoid data. The genetic and cytological 
results are much more extensive in wheat than oats, which is the reason 
for this discussion on wheat, but there is evidence that the findings have 
almost equal application in both. Likewise an explanation which fits 
speltoid and fatuoid data must be considered in relation to the extensive 
facts obtained from hybridisation studies. 



352 


On Fatuoid Oats 


Winge (1924) represents the chromosome complement of the diploid 

T. monococcum' and T. satimm with its 42 chromosomes as 
.. !!■ WlJiW 2 A 2 B 2 C , 

a du*ect triplication of this: T a ¥ b20 ^ inclusive. 

As the speltoid factors appear to be associated with only a single one 
of these seven groups of chromosomes, he puts aside the last six groups, 

and considers only the first, brevity he 

drops the numbers and calls it merely which formula, for the pur¬ 
pose in hand, he takes to represent the genetic constitution of normal 
T. sativum. The B chromosomes are then assumed to carry factors for 
the speltoid type, and the G chromosomes to carry normal type factors. 
In normal wheat varieties the one A chromosome must usually pair only 
with the other A, the B with jB, and the G with G, as otherwise, of course, 
the variety would not breed true to type. But if a faulty conjugation 
should occasionally take place between these chromosomes which though 
not identical are yet similar on account of their common origin, he points 
out that gametes ABB, and AGG may be formed. The mechanism pro- 

j j ^ 

ducing these is visualised as A + A B + G B + C, and the gamete 

I_1_1 

ABB is taken to be the one carrying an extra set of Speltoid factors and 
lacking normal-type factors. Since such gametes are produced only 
rarely, such a one would practically always mate with a normal gamete, 

and the zygote would be formed. This formula would then represent 
a het. speltoid plant, which would be expected to produce horn, speltoid, 
het. speltoid, and normal progeny in the ratio of 1 : 2 : 1. The horn. 

speltoids would, of course, have the formula Gates (1923) had 

proposed a very similar scheme for some of the mutant types of Oenothera 
and found it capable of explaining many of the facts. It is a very 
attractive type of explanation if only as providing an hypothesis which 
is subject to test by microscopical means. Winge’s findings of trivalent 
chromosome complexes in het. speltoid plants, and quadrivalents in horn, 
speltoids certainly lend themselves well to this general interpretation, 
and the genetic behaviour of A type speltoids is in good accord, since 
slight deviations from the 1:2:1 ratio would be expected where a 
whole chromosome difference instead of a single gene ifference is in¬ 
volved. Winge’s argument may be applied with equal vahdity to Type 1 
fatuoids. 

If the genetic constitutions of the different polyploid species within 
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tlie genera Triticum and Avena consist of difierent combinations of 
cliromosomes from two or three primitive diploid species, as appears 
probable, then formulae similar to those of Winge’s may be composed 
to represent the different species, which will explain many of the peculiar 
phenomena observed. In respect to the principal internode length and 
glume characters which distinguish different species of wheat, for in¬ 
stance, T. dicocGum might be represented by , T. sjpelta by , 

T. vulgare by T. compactum by T. durum by T.poloni- 

. GB . " " 

cum by ^, etc. 

Naturally the genetic constitution of the different wheat species is 
not as simple as these formulae may seem to imply, and the formulae 
themselves are to be considered only as tentative. But such a scheme 
seems capable of explaining in a general way many of the puzzling 
results obtained by Malinowski and others from hybridisation studies. 
Simple recombinations would account for many features, and cyto- 
logical irregularities such as those here described in fatuoids would pro¬ 
duce others. Darlington (1927) has mentioned some possible results of 
these. 

Physical changes such as “deficiencies” and cross-overs between 
“semi-homologous” chromosomes could produce such complications as 
are now commonly explained by gene mutation. This scheme would 
explain, for instance, why the cross T. vulgare x T. dicoccum produces 
some types similar to T. durum and T. spelta, as well as the parental 
types, in the and later generations; why T. polonicum x T. spelta 
gives some T. dicoccum types, etc., etc.; and on the other hand why 
T. spelta X T. dicoccum gives only the two parental types. It would also 
account for the fairly frequent occurrence of speltoids from T. vulgare, 
since minor irregularities in the reduction-divisions are to he expected 
in hybrid polyploids, even though they have long been established as 
species. Further, it would account for the fact that while T. compactum 
types are segregated in small numbers by some strains of speltoids, yet 
speltoids rarely if ever arise from T. compactum. The occurrence of 
T. compactum forms in hmited and irregular numbers from certain 
crosses of vulgare types and the reverse phenomena would he easily 
explicable on this basis. At the same time it would not interfere with the 
explanation of the clearly Mendelian ratios obtained from crosses in 
which simple gene differences are involved. The necessity for imagining 
such inherently improbable mechanisms as “labile genes,” for postulating 
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unlikely cytological bekaviour oi reduplication series, or wkole series 
of linked letkal or inliibitory factors, as various authors have done, is 
eliminated. Hypotheses made on this basis from genetic data can be 
tested reasonably adequately and easily by existing cytological methods, 
and those based on cytological observations can be tested genetically. 
Cydological material can be collected from wheat or oat plants without 
seriously afiecting the yield of seeds, except in the case of some dwarf 
types, and a closely correlated study can be made. 

Returning now to features immediately concerned in the production 
of fatuoids and speltoids, it may be reiterated that the same group of 
linked characters which constitute the essential specific difierences be¬ 
tween A. sativa and A. fatua also constitute the differences between 
normal A. sativa and fatuoids. 

Rollowing the device outlined for different wheat species we may then 
compose formulae for A. sativa, A. fatua, and for the different types of 
fatuoids. These formulae are, of course, concerned only with the dif¬ 
ferential features of these forms. In matters of colour, vegetative 
characters, growth habit, etc., either of these species exhibits parallel 
ranges of variation. The fatuoids, as previously mentioned, are similar 
to the variety in which they occur in all respects excepting those com¬ 
prising the fatuoid complex. They therefore cover the same range of 
variation as A. sativa in the non-specific characters. 

Using S to represent chromosomes carrying factors for the completely 
awnless sativa type, and F for those -with, fatua or fatuoid factors, with 
indices to indicate minor differences only, we may then for the present 
purpose represent the ordinary almost awnless type of A. sativa as 
S S ]P 

, if we assume that only two species are involved in its ancestry, 

or by , if we assume three ancestral species. It makes no essential 
difference for the present which assumption is adopted, but different 
degrees of dominance must be postulated in the alternative formulae 
and the possibilities of reversion are limited at different ends of the 

scale. If we accept the latter formula to represent A. sativa, 
then Type 1 het. fatuoids would be and the horn, fatuoids from 
them XFF' If formula is the correct one, then it follows that 
horn, fatuoids of this type cannot by internal rearrangement give rise 
to het. fatuoids or normal A. sativa. On the other hand, if the 
formula be adopted for A, sativa, then Type 1 horn, fatuoids would be 
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il^FF 

SFF they could give rise to het. fatuoids and normal 

types. Whether this ever occurs or not remains to be proved; when 
proved it may settle several other questions besides indicating which 
of these formulae is the more correct. A.faUia, being similar to Type 1 

nom. fatuoids in these respects, may he represented by or 

S F F S S F 

Het. fatuoids with 41 chromosomes would be or on the first 

^SF .^ ^ 

alternative or on the second, and the sterile dwarf horn, fatuoids 

from them would be or respectively. Het. fatuoids with 43 chro¬ 
mosomes would be on the first alternative or on the second, 

S S FF J^^SFF 

and the sterile dwarf horn, fatuoids from them would be or yMf 

respectively. 

Direct evidence may never be available on the exact nature of the 
mechanism which causes the j)roduction of the SFF or XFF fatuoid 
gametes since they occur very rarely. Winge suggests that in wheat 
it is faulty .pairing between the essentially similar but not identical semi- 
homologous chromosomes which causes ABB to go to one pole and ACC 
to the other. Gates (1923) suggests double non-disjunction for Oenothera^ 
and has cytological evidence, unpubhshed, supporting this. It seems 
more probable that in oats a quadrivalent composed of;S-l-^ + i^-|-J' 
analogous to that in P. Icewensis is occasionally formed, and that upon 
the orientation of this in the heterotypic metaphase depends the alter¬ 
native possibihties of ^ -|- going to each pole or -f G to one and 
j' -f P to the other. This would account for the fact that Type 1 fatuoids 
occur so much more frequently than the other types. Upon this hypo¬ 
thesis one would expect that fatuoids or speltoids which arise from 
the normal as chimaeras would usually be of the unbalanced types. The 
speltoid evidence supports this. 

Until further genetic data are available, it does not seem advisable 
to attempt too close a codification of the different fatuoid types here 
described. From a 41 chromosome het. fatuoid, ratios of het. fatuoids 
and normals varying from 1 : 1 to 4 : 1 or even greater excesses of het. 
fatuoids, and very varying numbers of dwarf 40 chromosome horn, 
fatuoids, might be expected, the variation depending in the first place 
upon the number of times the spht halves of the univalent fail to be in¬ 
corporated in the daughter nuclei, in the second place upon the viabihty 
and functioning power of the different gametes, and finally upon the 
viability of the resultant zygotes. Environmental conditions must play 
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a very large part in determining tlie degree of variation incident upon 
these immediate causes. This will account for the very great deviations 
from Mendelian expectation which are found in any table of genetic 
results with speltoids or fatuoids, especially of the types other than 
1:2:1. Such deviations are in sharp contrast to the results obtained 
in most cases where gene differences only are known to be involved. 

In this connection I have been informed by Professor H. Kihara 
that he obtains different ratios from some of his 41-chromosome hybrid 
wheat plants when he grows them in different parts of Japan. The 
necessity for recording the number of plants eliminated during the 
growing season, and the advisability of attempting to determine if 
possible how far the elimination is differential with respect to the 
characters under observation must here be stressed also. With un¬ 
balanced chromosome types, the elimination is almost sure to be very 
heavy in certain cases. In het. fatuoid types 2 and 3 the mortality has 
here been shown to have been very severe in 1926. Many workers with 
speltoids have not recorded the number of seeds sown, and the number 
germinated, but Winge (1924) records that from 72 seeds of one C type 
speltoid he obtained 25 normals, 16 het. speltoids and 3 horn, speltoids,— 
a degree of elimination similar to that here recorded. 

From a 43 chromosome form one might perhaps expect to obtain 
42 and 43 chromosome plants in more or less equal proportions, and 
very few 44 chromosome plants. The limited genetic data from strain 
26-13 did not conform at all well to this expectation in 1926. It will be 
instructive to note the progeny in 1927 of its daughter plants in which the 
individual chromosome number is known to be 43. It will also be in¬ 
teresting to compare ratios obtained from different sowings of seed from 
the same plants in both favourable and unfavourable environmental 
conditions. 

Since C type speltoids can give rise to the B type, and the analogous 
change has also probably occurred in the het. fatuoid strain 24-22, one 
can draw no definite conclusions from individual chromosome counts 
until the particular plants cytologically studied have been propagated. 
This fact prevents discussion of the relationship existing between the 
Type 2 and Type 3 fatuoids here described until the progeny tests have 
been completed. Even then, if many of the plants are difficult to classify, 
a further test may have to be made. 

Stanton, Coffman and Wiebe’s (1926) discovery of “horn, fatuoids” 
which do not breed true to type is an extremely interesting one if the possi¬ 
bility of natural crossing can be ruled out. A oytological study of it would 
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then be very interesting as according to the conception here developed 
such a form might exist through having excess chromosomes hearing 
fatuoid factors. The 44 chromosome horn, fatuoids here described, if 
under any conditions they "were fertile, would for instance almost 
certainly produce some het. fatuoid plants, through the chromosome 
irregularities observed in them, 

The fact that all the dwarf fatuoid plants so far discovered have 
abnormal chromosome numbers may have considerable bearing on other 
cases of dwarfing. Of course, it is not suggested that all or even the 
maj ority of dwarfs known in the cereals are cytologically abnormal, but 
where they occur in pecubar and irregular ratios, or themselves give such 
progeny ratios, as many of those studied by Waldron (1924) and Goulden 
(1926) and others cited by these authors do, such a condition is certainly 
strongly suggested. Waldron made no cytological study, but Goulden 
found lagging chromosomes in most cells at the reduction-divisions, 
though the normal number were present. The findings of these authors 
again emphasise the undesirability of attempts to fit aberrant ratios to 
ordinary Mendelian schemes without first having determined whether 
the cytological conditions are normal or not. 

It is interesting to find in fatuoids and speltoids, as well as in Oenothera, 
Datura, and to a lesser extent in Drosophila and other genera, that chro¬ 
mosome aberrations may produce segregation ratios which very closely 
simulate those expected from gene dift'erences. These abnormal cases, of 
course, furnish considerable proof, if such be still needed, of the validity 
of the theory that the chromosomes form the basis for the transmission 
of Mendelian characters, and serve considerably to strengthen the pure 
Mendelian interpretation of normal inheritance, 

Waldron states that with a single exception the dwarf characters 
reported in the self-fertilising cereals have become manifest only throrigh 
crossing. While this statement cannot to-day be accepted at its full value, 
it does appear to be still essentially correct. He questions from this basis 
“whether the germplasm of the self-fertilised cereals may not have some 
sort of a protective or self-regulating device whereby such injurious 
lethal or semi-lethal mutations as dwarfs are accompanied by other pro¬ 
tective mutations.” It seems more probable that the crossing of different 
varieties or species introduces chromosome incompatibilities in the off¬ 
spring and that many of these dwarfs may be chromosome mutations 
with either the normal number of chromosomes and incompatibilities, 
or with excesses or deficiencies. 

For the same reason, it is possible that either natural or artificial 

24-2 
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hybridisation in oats may have an indirect effect on the frequency with 
which fatuoids occur, though they certainly cannot be considered as 
segregation products of a cross in the ordinary sense of the term. Fatuoids 
have been found in some of the oldest and best established varieties of 
oats, as well as in the very newest productions of plant breeders, but they 
do seem to occur more frequently in the newer varieties. It is quite 
conceivable that the crossing of diverse normally self-fertilised lines 
might introduce disharmonies in the chromosome complement of the 
progeny which would cause the more frequent occurrence of chromo¬ 
some aberrations of the types which produce fatuoids. This possibility 
may be found to link some of the views of Zade and Tschermak, who 
now ascribe the origin of fatuoids to delayed segregation following a 
cross, with those of Nilsson-Ehle and others who support the mutation 
theory of their origin. 

The occurrence of fatuoids in cultivated oats is a fairly common source 
of annoyance to growers of high grade seed oats, and it was a request 
from Alberta farmers for further information about fatuoids which led 
to the initiation of the present study. The first result of importance to 
farmers was the demonstration that fatuoids have no direct connection 
with A. fatua, and that as they do not have the property of delayed 
germination, as the latter species has (Howes 1908, Garber and Quisen- 
berry 1923) they do not constitute a serious weed menace. It would, 
however, be a matter of considerable importance if a variety of oats 
could be discovered or produced which would not give rise to fatuoids. 
In the course of some hybridisation experiments with A. sativa gigantica, 
some evidence, not yet available for publication, was obtained that this 
species is different with regard to awn factors from ordinary A. sativa, 
and the possibility arose that it might therefore differ in regard to the 
production of fatuoids. No fatuoids have ever been reported from this 
species, but, on the other hand, it has never been grown on a very large 
scale. It was, however, a matter of great interest to find that Professor 
Shegalov has a variety of A. sativa which gives results similar to those 
found in A. sativa gigantica hybrids, and that though this variety is very 
widely grown in Central Russia, fatuoids have never been found in it. 
Unfortunately this variety is not of high commercial value. While it is 
far too soon to express an opinion on the matter, the interesting 
possibility arises that A, sativa gigantica and these Russian oats either 
lack fatuoid factors entirely or have more factors for the normal sativa 
type than have ordinary varieties of A. sativa. If so, it may be possible 
by hybridisation with them to obtain good varieties of oats which will 
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not give rise to fatuoids. Tins breeding possibility is partly analogous 
to tbe situation in regard to black colour in oats, which Akermau (1924) 
has put to practical application at Svalof. The ordinary black oats of 
Sweden have a single factor for their black colour, and by mutation often 
produce white grains which spoil the appearance of the seed samples. 
By crossing these ordinary black oats with an inferior variety which was 
found to carry two factors for black, he has produced a valuable variety 
of black oats which very rarely produces white grains. It is possible that 
T. compactum occupies a position in regard to speltoids analogous to 
that of the Russian variety of oats which has never been known to pro¬ 
duce fatuoids. 


Summary, 

In heterozygous fatuoids which give difierent segregation ratios, dif¬ 
ferent distinctive cytological conditions have been found. The combined 
C5rtological and genetical evidence seems clearly to show that fatuoids 
arise from normal oats, neither by natural crossing between A. saliva 
and A. fatua nor by gene mutation, as previous authors have believed, 
but by chromosome aberration. 

The ordinary practically awnless type of A. saliva is conceived as 
being the resultant of diverse factors present in its constitution on account 
of its polyploid and probable hybrid origin. It is the upsetting of this 
balance by chromosome aberration which produces fatuoids. 

The commonest type of het. fatuoids of which many strains have 
been studied, segregates normals, het. fatuoids, and horn, fatuoids, all 
of approximately equal vigour, in a ratio of about 1:2:1. These 
segregates all have the normal chromosome number, viz. 42, but charac¬ 
teristic irregular arrangements are fairly frequently found in the horn, 
and het. fatuoids. Pollen-mother-cells of the normal segregates regularly 
have a chromosome complement at diakinesis and the heterotypic meta¬ 
phase of 21ii. The het. fatuoids, on the other hand, frequently have 
19ii -j- Im -}- li, and the horn, fatuoids 19ii -h liv. The hypothesis which 
best fits this genetic and cytological behavioru is that an occasional 
aberration (probably the formation of a quadrivalent) in the meiotio 
divisions of normal cultivated oats produces a gamete in which one 
particular chromosome bearing falua or fatuoid factors is duplicated, 
and another bearing normal-type factors is absent. The union of this 
gamete with a normal one would produce a Type 1 het. fatuoid. 

Two strains have been obtained of a second type. The single panicle 
found in 1924 from which the first originated gave 6 het. fatuoid, 7 normal, 
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and 1 dwarf sterile, iioin. fatuoid progeny. The second strain of this type 
obtained in 1926 has given 67 het. fatnoids, 37 normals and 3 sterile, 
dwarf horn, fatnoids. One of the het. fatnoids from the first strain was 
fonnd to have only 41 chromosomes which were regularly arranged as 
20ii + li in the heterotypic divisions. This and a sister het. fatnoid gave 
rise to a third type in which het. fatnoids and normals occur in a ratio 
of about 4 : 1 plus a few sterile dwarf horn, fatnoids. These latter have 
only 40 chromosomes, and their meiotic divisions are completely ir¬ 
regular. Five of the het. fatnoids from this most recent generation have 
all been found to have 41 chromosomes arranged with only a very few 
exceptions similarly to those of the parent as 20ii + li. 

A fourth type has recently been obtained in which the het. fatnoids 
have 43 chromosomes which are arranged either as 20ii -j- liii or 
21ii -f li. The horn, fatuoid segregates are all dwarf and sterile and have 
44 chromosomes arranged either as 22ii or 20ii -f- liv. The divisions 
are not very irregular but the contents of the pollen grains degenerate 
during the later stages of their development. Difficulties of classification 
make it impossible to determine the exact genetic behaviour of this 
strain until progeny tests have been made, but the present limited 
results approach a 1 : 2 : 1 ratio. 

Biometrical studies show few if any significant differences in the 
vigour of the different segregates from the first type, which all have the 
same chromosome number, but where there are chromosome excesses 
or deficiencies the difierence in vigour is marked. 

The close analogy between fatnoids and speltoids is demonstrated, 
and an attempt is made to correlate the data from these forms with that 
from hybridisation studies in wheat and oats. Some suggestions are made 
concerning the genetic constitution of various species of wheat and oats. 

The segregation ratios resulting from whole chromosome differences 
are shown to simulate those from gene difierences, but to be more variable. 
The importance of correlating cytological studies with genetics in cases 
where dwarf types appear in irregular or unexpected ratios is evident 
from the aberrant cytological conditions here found in dwarf oats. 

There appears to be a possibility of producing commercially valuable 
varieties of oats which will not give rise to fatnoids. 

Chromosome counts are given for twelve species of Avena. 
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EXPLANATION OF PLATES XIX—XXI. 


Plate XIX. 

Strain 26-24, figs. 1, 2 and 3: homozygous fatuoid, heterozygous fatuoid and normal type 
segregates respectively, all having 42 chromosomes; from Type 1 heterozygous fatuoid 
plant of homozygous fatuoid Sir Douglas Haig x normal Sir Douglas Haig. En¬ 
larged figures: lower—a spikelet with outer glumes removed; upper—a similar spike- 
let with florets separated. 

Strain 25-98, figs. 4, 5 and 6: sterile dwarf homozygous fatuoid, heterozygous fatuoid 
and normal type segregates with 40,.41 and 42 chromosomes respectively; from 
Type 2 heterozygous fatuoid Victory plant 25-98, having 41 chromosomes. 



364 


On Fatuoid Oats 


Plate XX. 

Strain 26-10, figs. 1, 2 and 3: homozygous fatuoid, heterozygous fatuoid axrd normal 
type segregates respectively, all having i2 chromosomes, from Type 1 heterozygous 
Kanota plant 26-10. 

Strain 26-13, figs. 4, 5 and 6: sterile dwarf homozygous fatuoid, heterozygous fatuoid 
and normal type segregates with 44, 43 and 42 chromosomes respectively, from 
Type 4 heterozygous fatuoid Kanota plant 26-13. 


Plate XXI. 

Pig. 1. Pollen of A. fatua. Pig. 2. Pollen of A. saliva var. Banner. Pigs. 3, 4 and 6. 
Pollen of homozygous fatuoid, heterozygous fatuoid and normal segregates respectively 
from heterozygous fatuoid Banner plant 24-20. Pig. 6. Empty pollen of sterile dwarf 
homozygous fatuoid Victory (strain 24-22) having 40 chromosomes. Pig. 7. Empty 
pollen from fully ripe anther of sterile dwarf homozygous fatuoid Kanota 
(strain 26-13) having 44 chromosomes. Fig. 8. Pollen in various stages of degenera¬ 
tion, from immature anther of same plant as Fig. 7. Pig. 9. Two anthers of normal 
segregate from heterozygous fatuoid Kanota (strain 26-13). Pig. 10. Three anthers of 
sterile dwarf homozygous fatuoid Kanota (strain 26-13). Pig. 11. Anther of sterile 
dwarf homozygous fatuoid Victory (strain 24-22). 
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THE INHERITANCE OF HORNS IN CATTLE. 
SOME FURTHER DATA. 

By a. D. BUCHANAN SMITH. 

Animal Breeding Research Department, University of Edinburgh. 

(Witli One Plate and Pour Text-figures.) 

When the writer first heard of certain exceptions to the well-estah- 
lished rule of simple dominance of the polled condition in cattle, he paid 
little attention to them. Further records of such exceptions, however, 
were encountered, and it was then felt that the subject merited fuller 
consideration. The following report concerning such exceptions came 
from two main sources: from Northern Rhodesia, where the crosses 
concerned were Aberdeen-Angus bulls and native cows, and from 
England, where crosses involving the Park Cattle, between their two 
types and various other breeds, appeared to give anomalous results. 

A. Rhodesian Native Cattle. 

For precise information regarding the case in Northern Rhodesia, 
the writer is indebted to Mr R. A. S. Macdonald, M.R.C.V.8., of the 
Veterinary Experimental Station, Chilanga. His facts relate mainly to 
two cases, and are as follows: 

1. In a herd of Angoni and Mashiikulumbwe cows, the majority of 
which were pure native bred (though a few showed slight traces of 
Hereford or Shorthorn blood, but none had any Aberdeen-Angus blood), 
a pure bred registered Aberdeen-Angus polled bull was placed (see 
photograph). The cows were all horned, and in colour were red, red- 
and-white or dun. There were practically no blacks. Fifty-one of their 
progeny so produced were traced as under: 

27 heifers all completely polled. 

9 bulls all completely polled. 

15 bulls mostly with distinct horns or buds. 

All were completely black with the exception of a few white faces. 
This was the case in 120 such calves. 

2. In another herd, a pure bred registered Aberdeen-Angus bull 
(polled) was mated to native cows, all of which possessed the typical 
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heavy horn. In this case, all the progeny were completely black, practi¬ 
cally all the heifers polled, and practically all the males with buds, 
short drooping horns, or ordinary short horns. 

It was found difficult to obtain more detailed information as regards 
exact numbers, and rather than obtain figures which could not be 
guaranteed to be correct, it was considered advisable merely to give 
the bare outline of facts. The following conclusion concerning these 
two herds, which are typical of several others, may, therefore, be con¬ 
sidered indubitable and has been confirmed by correspondence: 

That a registered Aberdeen-Angus bull (polled) when mated to the 
native cows of Northern Hhodesia (horned) produced calves, all the 
heifers being polled and without scurs, and the majority of the bull 
calves possessing horns of various shapes, a few being only scurred, and 
a very few being polled. 

As the cattle of Northern Rhodesia are being rapidly “graded” up, 
it is unlikely that the native breed will retain their purity much longer. 
And since it seemed improbable that more exact facts were likely to be 
obtained, or that the reciprocal cross was likely to be made, it is con¬ 
sidered advisable to record these facts as they stand. 

The conclusion, therefore, is that in matings with the indigenous 
cattle of Africa, horns are inherited as a sex-Hmited character; that is 
to say that the factors for their expression are either dominant in the 
male and recessive in the female, or otherwise governed by sex. Since, 
in the ordinary domesticated breeds of cattle, the polled condition 
behaves as a simple dominant to the horned, and since there was some 
blood of domesticated breeds in certain of the native cows used in this 
cross, it would appear logical to presume that either the sex-limited 
transmission of horns, or the simple dominance of the polled condition, 
is the rule in cattle, and the one condition may be altered to the other 
by the action of one or more pairs of modifying factors. 

A point worth noting in this connection is that although this cross 
reveals a sex difference in respect of horns, castration of the males does 
not appear to modify the horns to any great extent, as is the case in 
other animals whose horns are modified or conditioned by sex, e.g. 
sheep (Marshall and Hammond, 1914), though Arkell (1912) shows this 
to be not so marked in the case of Merinos. 

B. Park Cattle. 

The report concerning the other exception to the rule of simple 
dominance of the polled condition in cattle, came from the Wild White 
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‘Park Cattle breeders in their operations towards the formation of the 
domesticated breed of Park Cattle, Since 1923, the writer has been in 
touch with several breeders in an effort to obtain data regarding the 
inheritance of coat colour in crosses of Park Cattle and other breeds. 
At first, no record was taken regarding the inheritance of horns, as the 
figures appeared merely to be abnormal ratios. But, since practically 
all the breeders with whom contact was made had obtained quite 
unexpected ratios of horned and polled calves, resulting from certain 
crosses, it was considered advisable to obtain some further reliable data. 
The data which follow were obtained from Sir Claud Alexander, Bart., 
of Faygate, Sussex, and Mr A. H. L. Bohrmann, F.Z.S., of Ide Hill, 
Kent, both of whom are leading breeders of Park Cattle, and recognised 
authorities on the breed. 

Before tabulating their experiences, it must be stated that there are, 
at the very least, two distinct types of Wild White Park Cattle which 
form the foundation stock for these experiments. These are called the 
horned and the polled. The horned were formerly the more common 
in the north and west of Great Britain, and are now best represented 
by the Chillingham Herd in Northumberland belonging to the Earl of 
Tankerville, and the Oadzow^ herd in Scotland, the property of the 
Duke of Hamilton. The former herd has had very little, if any, addition 
of foreign blood within the past two hundred years. The latter is not 
quite so pure, yet has a definite type, though some West Highland 
blood has been introduced into it as well as some Chillingham. The 

1 Of this herd, Mr Brown, Ghambcilain to the Duke of Hamilton, reported about the year 
1835, that, “The cows seldom have horns” (Storer, 1879, p. 339). This was corroborated 
by Sir John Orde of Kilmory, Youatt, Macgillivray (in his prize essay), and Mr Chandos- 
Pole-Gell. The latter in October 1874 found the herd entirely horned. Sir John Orde 
suggest sthat the herd acquired horns after the introduction of a Highland bull (Storer, 
pp. 341-345). (See also Auld, 18S8, pp. 607-508.) The earliest known reference to this 
herd being polled is in 1809 when a local poet, Robert Burns of Hamilton, in the note to 
his poem, “Oadzow Castle,” dedicated to Sir Walter Scott, wrote that the bulls then in 
use were mostly “humble” (i.e. polled) .and that some of the cows had “fine moony 
horns.” Sir Walter Scott himself in his early poem, “Oadzow Castle,” written a year or 
two previously, but dealing with events of the year 1569, describes the death of a wild 
bull “with black hoof and horn,” despite the fact that he was well acquainted with polled 
cattle, and a friend of Mr Hugh Watson, one of the founders of Aberdeen-Angus cattle. 
As the original wild Caledonian cattle were undoubtedly horned, it would appear as though 
the Oadzow herd became polled either by a mutation or the infusion of polled blood, 
possibly after the Cromwellian period, when, as Mr Brown says, it was “nearly extirpated.” 
It is suggestive that, according to Burns, in 1809 the bulls were polled and cows horned, 
whereas on the evidence of later authorities, e.g, Mr Brown, the females were more fre¬ 
quently polled. This might indicate that polled blood was introduced through the bulls 
about the beginning of the century, just as the homed blood was several decades later. 
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Pig. 1. Horned Park bull from the Chartley Herd, “Paygate Brace.” Though mated to 
many polled cows, this bull left only one polled calf, and that a twin to a horned calf. 
(By courtesy of Sir Claud Alexander, Bart.) 

(Pigs. 1-4 by courtesy of Mr R. A. S. Macdonald, M.R.C.V.S.) 



Pig. 2. “Paygate Garter,” a typical homed Park cow by a homed Park bull, and out of 
a polled cow from a pure polled herd. (Photograph by the owner, Mr A. H. L. 
Bohrmann.l 





Fig. 4. Homed bull (14 mouths old) by a homed Park bull (white with black points) 
and out of an Aberdeen-Angus cow (polled, black). (Photograph by Mr J. Cole.) 


Fig. 3. 
This 
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Chartley herd, now belonging to the Duke of Bedford, is also horned. 
It contains some Longhorn blood (introduced after removal from 
Chartley to Woburn). 

The polled Wild Park Cattle were located chiefly in the middle and 
eastern counties of England. The Somerford herd, one of the oldest, 
belonging to Sir Walter iShakerley, Bart., dispersed in 1925, probably 
occasionally threw horned calves. The Woodbastwick herd, belonging 
to John Cator, Esq., has some Shorthorn blood in it. Eor many years 
the latter herd provided the former with bulls. 

There are now seven horned and ten polled herds, and two con¬ 
taining both kinds. The two sections of the herd book are kept quite 
distinct, and breeders who keep both horned and polled Park Cattle, 
have to register them as two separate herds. Entry is, however, allowed 
from inter-herd breeding, as also is admixture of blood from other 
breeds, provided the progeny are of the required type. It must therefore 
be remembered that many of the polled animals are heterozygous for 
that condition. 

Sir Claud Alexander states that horned individuals crop up occasion¬ 
ally in polled herds. He further states that his herd was founded (1908) 
on cows culled from the original polled herds, mated to pure Cadzow 
and Chartley bulls (horned). The herd was occasionally replenished with 
cows from the polled herds, but of the calves produced by this cross 
over a considerable period of years, only one was polled, and that 
a twin, the sire being the horned pure old Chartley bull, “Eaygate 
Brace.” 

Mr Dawkins at Wilcote bred Park Cattle for many years, mostly 
founded on white Pembrokes with crosses of other horned and polled 
Park Cattle. He crossed horned Park Cattle with polled Park Cattle, 
and also, experimentally, horned Park bulls with polled cows of various 
other breeding (including Aberdeen-Angus). Erom such horned-polled 
crosses he obtained 21 calves^ of which 19 were horned and two polled 
(one bull calf and one heifer calf). 

In the Lyme herd (horned) which belonged to Sir Piers Leigh, w’-hen 
a polled Gisburne bull from the Gisburne herd (now extinct) was mated 
to a horned cow, the progeny was fully horned, but the horns grew 
downwards instead of outwards. Whether there were any polled calves 
from this cross does not appear to be known. Of precise matings it is 
di£S.cult to obtain data, as reliable figures as regards sex, etc., do not 
appear to have been kept. 

^ The experimental crossbreds were all, later, culled from the herd. 
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Mr A. H. L. Bolirmann^ lias supplied tlie following: An Irish, black 
Moolie cow (polled) calved to a Priesian-Park x Shorthorn bull (horned) 
and produced a horned heifer calf. A horned bull of various of the best 
Park strains and with one British Friesian grandparent, mated to an, 
Aberdeen-Angus (polled) cow, has produced a horned bull calf. These 
together with other results are given in Table I. 

TABLE I. 


Summary of Grosses of ParJc Cattle, etc. 


Herd 

Sire and Dam 

Offspring 

Remarks 


Paygate 

Park PI* (Oadzow) X Park Pf 

AllH 

From 1908 

to 




about 1918, 

30 




calves 



Park H (Chartley) x Park P 

All H save 1 





(a twin) 



Wilcote 

Park PI X Park P ) 

19 H (8 c?, 9 9) 




Park PI X various P including Aberdeen-Angus)’ 

2P (ldM9) 



Lyme 

Park P (Gisbnrno) x Park H 

AllH 

Perhaps one 

or 




two P 


Ide 

Prieaian/Park-Shorthorn H x Irish Moolie P 

H9 




Parle (some Friesian) H x Aberdeen-Angus P 

H^ 




Park H (Chartley) x Park P 

H$(a.) 




Red Poll-Park P X (a) H 

P? 




I’ark P X (ft) H 

P(? 

With sours 



? H X (a) H 

H(? 




Park P X Sliorthorn-Ayrshire H 


Same bull mated 


to Shorthorns 
produced only 
polled 

* H = Horned. f P=Polled. 

The proper interpretation of these cases really rests on the fact that 
an abnormally small number of polled calves have been produced by 
a mating of horned x polled, even when the polled parent was registered 
in a polled herd, or of a pure polled breed. Nevertheless, it must be 
remembered that normally these uneven ratios do not occm often, even 
in a large population, and that therefore, since the population from which 
they are culled is extremely small, their •significance is the greater. No 
reliable data have been obtained of any cases where horned x horned 
have given polled offspring. Only the very general conclusion can be 
drawn that the "^ild White Park Cattle appear to carry certain factors 
which modify the normal mode of inheritance of horns. 

Discussion. . 

An experience similar to these was recorded by Wentworth (1911) 
in the case of the famous White Shorthorn x Galloway cattle breeding 

^ Mr Bohrmann has bred a considerable number of crossbred cattle for experimental 
purposes only (not to augment his herd). 

Journ. of Gen. s-vin 
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experiment at Iowa State College. With, two exceptions, the 70 
animals were all blue grey and polled. A polled bull was mated back 
to three Galloway cows (polled). By one, he sired only polled offspring, 
and all the calves this cow produced by horned bulls were also polled. 
By another, he produced a horned bull calf, though this cow had six 
polled offspring afterwards. By the third, he produced a horned bull 
and a horned heifer calf at different births, as well as four polled calves. 
It is probable that these last two cows were heterozygous for the polled 
condition, and that it was a chance that two such cows should have 
been used. But the fact that the horns of one of these calves resembled 
not a bit the horns of any pure breed of cattle, may lend some doubt 
to this statement. 

Mossam Boyd (1906) mated a polled mutant Hereford bull to horned 
Hereford cows, and obtained the curious proportion of 22 polled to 
6 horned calves. He also records (1908) data drawn from crosses of 
Bison bulls on 14 polled cows which seem to show that in this cross 
the inheritance of horns is the same as in domestic breeds of cattle, with 
the polled condition a simple dominant. 

Gowen (1918, 1927) states that when the factors for the polled con¬ 
dition are in the simplex state, “they tend to produce the horned con¬ 
dition more frequently in the males than they do in the females.” He 
gives an example of a black bull with short horns produced by a mating 
of an Aberdeen-Angus bull (polled) on an Ayrshire (horned) cow. Spillman 
(1905) had already suggested this but without adducing any evidence. 
Watson (1921) also found the polled condition to be occasionally in¬ 
completely dominant in the male. 

There is a further point to which reference may be made, namely, 
the condition as regards horns of early forms of cattle. The majority 
of authorities recognise that it was a polled animal that was the fore¬ 
runner of the present-day cattle. It has, however, been pointed out by 
many writers that these polled types were succeeded by species in which 
the males were horned and the females polled. Prof. J. Cossar Ewart 
(1909) states: “Several species of cattle with horned males, but hornless 
females, occur in the lower Pliocene deposits. In Leptohos Falconeri of 
India, L. Etniscus and L. Lotus of Italy, Prance and Spain, we have 
early Phocene species in which horns were probably always absent in 
the females. In the deer group, the females as a rule have continued 
hornless, but during the later Pliocene period, female as well as male 
oxen acquired horns, and the horns seem to have been retained by both 
the males and the females until cattle were domesticated during the 
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neolithic age.” This view is substantiated by Boyd, Dawkins, Auld, 
Lydekker, Rntimeyer, Arenander and others. 

This therefore inclines one to the conclnsion that the simple domin¬ 
ance of the polled condition is derived from an earlier sex-limited con¬ 
dition which is still to be found in certain types of cattle, especially 
those in which there has been little or no admixture of the recognised 
modern domesticated breeds. 

In the genetic acquisition of horns, cattle seem to illustrate a general 
evolutionary principle. The mutation from the polled to the horned 
condition was first exhibited by the male, and only much later in the 
history of the species by the female. 

As no accurate data were obtained concerning scnrs or slugs, no 
study of these has been made, though the results of Watson (1921), 
Cole (1924) and Landauer (1925) would seem to show that their ex¬ 
pression is largely sex-controlled. 

Conclusion. 

There are numerous records which confirm as a general rule the 
simple dominance of the polled condition in cattle, and it is unnecessary 
to quote them in detail as the fact has been well established by the 
common practice of cattle breeders. The purpose of this paper is to 
show that there appear to be factors which modify the normal mode 
of inheritance. The writer in no way claims that the data presented in 
this paper deny the established rule, but rather suggests that in certain 
crosses there are additional complications, and that these complications 
appear to arise when blood strains other than those of the commoner 
domesticated breeds are present. This appears to be a perfectly logical 
evolution of the study of the inheritance of horns, and may be compared 
to the progress of the studies of many other heritable characters in both 
jilants and animals. 
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EXPLANATION OF PLATE XXII. 

Fig. 1. “Rhodesdale Magistrate,” a pure bred Aberdeen-Angus bull used in case 1. 

Fig. 2. A typical Mashukulumbwe cow showing the liorn.s, with a 6-months old grade 
calf at foot. 

Fig. 3. The male progeny of a cross of such a bull as shown in Fig. 1, and the cow as 
shown in Fig. 2, and others like her. The bullocks are two years old. Note the 
various types of horns. 

Fig. 4. The female progeny of the same cross, all completely polled. They are two years 
old. 
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Introduction. 

In the two previous papers'of this series (5, G) I have given the main 
outlines of the cytology of crosses between the 14 (haploid) chromosome 
■v'^pecies T. turgidum and the 21 chromosome species T. vulgare. It was 
there shown that the egg-cell and pollen grain nuclei of'the may 
contain any number of chromosomes from 14 to 21, the intermediate 
numbers being much the most frequent; that all the egg-cells are func¬ 
tional, but only a limited proportion of the pollen grains. In this paper 
it is proposed to give a preliminary account of the genetics of the cross, 
together with a more detailed account of the genetic aspects of pollen 
sterility. 

After describing the wheat species turgidum and vulgare I have dealt 
with the general nature of the obtained when they are crossed and 
with the types that are extracted from this and later generations. This 
account is based on an F^ from Rivet x Iron, of which about 800 plants 
were raised in 1921, on a complete F^ raised the following year, and on 
various extracted types that have been carried on to F^ or E,; on other 
Ffs and Ff& from the same cross and from Rivet x Yeoman; and 
finally on the results of reciprocal back crosses made between the 
(Rivet X Iron) F-^, and the (Rivet x Yeoman) Ej, and the parent forms. 
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Experience of the association of type of plant with its chromosome 
number has been gained by counts made for some 50 or 60 plants, 
supplemented by the knowledge (5) that the progeny of plants with less 
than 35 chromosomes will finally settle down to the 28 chromosome 
condition, while similarly plants with more than 36 chromosomes will 
give 42 chromosome types; also by knowing that all plants obtained by 
crossing the F-^ to turgidum will contain from 28 to 35 chromosomes, and 
those from crosses between the F^ andvulgare from 35 to 42 chromosomes. 

In most crosses between distinct species, sterility in the and later 
generations makes an accurate genetic analysis impossible. In such 
crosses it is usual to assume that the difference between the species can 
be explained on the basis of Mendehan factors alone, and the irregular 
crossing results are considered as caused only by irregular chromosome 
behaviour and infertility. Much support can, no doubt, be found for 
this view; and to explain sterility as the elimination of all gametes or 
zygotes that diverge widely from the parental types certainly seems 
reasonable. But it is often difficult to avoid the feehng that the problem 
of species involves more than this; that the mechanism of segregation 
may not be quite the usual one, or that species characters may not be 
determined by factors in quite the same way that the characters that 
separate varieties are. The wheat cross we are considering here should 
enable us to gain some enlightenment on these points since all the J’l 
egg-cells are fertile, so that by crossing back to the parents we can 
study the genetics of the egg-cells with certainty so long as we are able 
to distinguish the intermediate from the type form of any character. 
Eurther, the F-y pollen is partially sterile, and we should be able to 
verify the current theory of sterility by comparing reciprocal crosses 
between the F^ and the two parent varieties. In making this com¬ 
parison, the plants have been classified into types —turgidum type, 
■^1 ^^tc.—wherever this could easily be done. This classification is 

based largely on the study of certain characters that will be indicated; 
but an actual study of the mode of inheritance of these characters, and 
their representation by factors, will be considered in a later paper. 

The following abbreviations have been used: 

El = vulgare x turgidum Ej, unless the contrary is stated. 

Ei$x yd = Ei9x vulgare (J. 

El ? X T c? = El ? X turgidum cJ. 

7 $ x El c? = vulgare q x Ei 

E $ x El (^ = turgidum $ x Ei cj. 
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The Wheat Species tvegidum and vuloare. 

(a) Description of the species. 

Both, species include a wide range of forms, and reference will be 
made chiefly to the forms used in this investigation and to certain 
characteristics of the species that have been made the subject of genetic 
study, A full account is given by Percival in his monograph(4). From 
each other the two species are sharply defined both in vegetative and 
in ear characters, as well as by their difference in chromosome number. 
With regard to their relation to other species in the genus, vulgare is well 
separated from the species belonging to the same group, but turgidum 
is not easily separated from the closely related T. durum. 

As before, the varieties used were Rivet (T. turgidum), and Swedish 
Iron and Yeoman (both T. vulgare). In most of the work Swedish Iron 
was used as the vulgare parent; and as the results obtained when Yeoman 
was used were similar in most respects I shall not hereafter discriminate 
between the two cases unless there is need. 

Ear characters. In both species the ears vary greatly in density, but 
very lax forms are probably only found in vulgare and on the whole it. 
may be said that greater ear density is a characteristic of turgidum..! 
The latter always has bearded ears, but in vulgare both beardless and 
bearded forms occur; beardless turgidum can readily be produced by 
crossing the two species. In both species the chaff may be rough or 
smooth and the glumes red_ or white in colour. In turgidum the glumes 
may be grey; in vulgare I have not seen this colour, but Percival describes 
several varieties with the glumes of various shades of grey. Rivet 
(Plate XXIII, fig. 1 a) has dense ears, with rough, grey chaff. Both the 
vulgare forms have smooth, white chaff, and are beardless; both are 
dense eared, but Swedish Iron is the denser (Plate XXIII, fig. 1 c). 

The shape of the glume is very important; and glumes from the 
varieties under consideration are shown in Fig. 1 and in Plate XXIV, 
fig. 3. The Rivet glume type is never found in T. vulgare, nor the 
Swedish Iron type in I. turgidum. The prominent keel of the Rivet 
glume (see Fig, 1) is common to all forms of turgidum-, and though some 
vulgare forms have a slight keel running to the base it is never well 
marked, and in most forms it is practically absent from the lower half 
of the glume. All forms of vulgare have the glume inflated (Fig. 1), 
while in turgidum it is compressed as in Rivet. In both species, however, 
the shape of the glume shows a fair amount of variation, probably more 
in vulgare than in turgidum, and I doubt whether there are any other 
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features of tlie shape that are both common to all forms of the one 
species and absent from all forms of the other; though there are some- 
^ times other features that are found only in the one species—for example, 
I the flat top of some of the glumes shown in Plate XXIV, fig. 1 is found 
ill some forms of vulgare but never in turgidum. No doubt there are 
many other difierences that might be mentioned, but these are chiefly 



Pig. l._ Transverse sections through centre of glumes to show keel, a, T. turgidum var. 
Rivet; b, T. vulgare, var. Swedish Iron. A=keel, ?i.=secondary nerve. Magnification 

X 12. 

of a trivial nature, and though the expert can readily detect the fact 
I that differences exist, definition and description of the differences are 
I difficult to make. 

The Straw. In Iron, Yeoman, and nearly all varieties of vulgare the 
j straw is straight; while in Eivet, and all other forms of turgidum, it is 
I curved below the ear. In Iron, Yeoman, and nearly all vulgare wheats, 
the straw has thin walls, contains very little pith, and is therefore hollow 
throughout its length; but in a few forms of vulgare it is solid. In all 
forms of turgidum the straw is filled with pith (solid), or is solid at the 
top with a small lumen in the lower parts; Rivet is of the latter class. 
It should be mentioned, however, that crosses between turgidum and the 
closely related 28 chromosome species T. durum, which also has a solid 
straw, give forms with the straw less solid than that of either parent(i). 
As with all other turgidum forms, the straw of Rivet is slender, especially 
just below the ear, and very tough and pHable; it is circular in cross- 
section, but the surface is ribbed due to bands of fibres that run longi- 
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tiidinally down it {Fig. 2). In vulgare it Fas a greater diameter, is neither 
so tough nor so pliable, and is more elliptical in cross-section, with a 
smoother surface owing to the absence of the ridges of fibres. 

Leaf characters. According to Percival(4) one of the most important 
characters to be considered in assigning the various wheat forms to their 
appropriate species is the arrangement of the hairs on the young leaf. 



Fig. 2. Part of transverse sections of straws, a, T. tiirgidum var. Rivet; b, T. vulgare. 
var, Swedi.sh Iron, e = epidermis, e7tZ. = degenerated chlorophyllous tissue, 7;.6. = vas¬ 
cular bundle. The shaded portion consists of fibres. In Rivet, ridges of fibres ran 
longitiidinally down the straw qpposite the vascular bundles. 

I have accordingly paid some attention to this character, but here it 
will be enough to mention that turgidum and vulgare show a constant 
difference in this respect: a fuller description of the character and the 
way in which it is inherited will be given in a later paper. 

In shape, the older leaves of Rivet are narrower, longer, and more 
pointed than those of Iron; they are also of a more greyish green, as 
distinct from a bluish green colour, but this difference can only be seen 
easily when the two varieties are grown side by side in bulk. These 
differences are inherited in the manner of specific differences, as will be 
shown later, but I am uncertain to what extent the two species can be 
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differentiated in this way, and certainly narrow-leaved forms of vutgare 
are common. 


(6) The and the extracted types. 

The Fz from the species cross is extremely variable, containing new 
forms unlike either parent or any other known wheat variety; and, 
judged by ability to produce grain, shows every gradation from com¬ 
plete fertility to complete sterility. From the behaviour of the chromo¬ 
somes it should be possible to view the genetic results as falling into 
two classes. On the one hand the 14 turgidum chromosomes pair with 
14 from vulgare and, so far as can be told, segregate normally; here 
therefore normal Mendelian inheritance should result, perhaps with 
complications if any of the factors have an influence on sterility. In the 
case of the other 7 vulgare chromosomes, however, we have a very 
different result. These are distributed at random to the gametes, and 
the latter, by their union, produce zygotes with any number of chromo¬ 
somes from 28 to 42, though not in every possible combination (5, 0 ). The 
genetic effects we have to consider are two: first, the effects produced 
on 28-chromosome plants by adding random selections of from 1 up to 7 
of a single set of the extra vulgare chromosomes, producing thereby 
plants with from 28 to 35 chromosomes; secondly, by increasing the 
chromosome number of a plant from 35 to 42 we merely change the 
extra chromosomes from the univalent to the bivalent condition—we 
do not add anything new. The effect of this addition of chromosomes 
to a 28-chromosome plant will be, we must suppose, to modify the 
various char ackers of the plant, and probably to make it more like 
vulgare. 

These expectations are borne out by an examination of the F.^. It 
is clear that some pairs of characters show Mendelian inheritance, though 
it will be shown later that complications occur; and so we get new 
combinations of existing characters in the usual way, but this process 
requires no special comment and will not be considered further. Of 
the new types that appear in Fg some no doubt owe their existence to 
the possession of various numbers and combinations of the 7 extra 
chromosomes; but these will not breed true, since no-plants breed true 
to an intermediate number of chromosomes: plants with less than 35 
chromosomes never give offspring with more chromosomes than they 
themselves possess, and the number 28 is attained fairly rapidly; while 
plants with more than 35 chromosomes never give offspring with less 
chromosomes thau'-th'ey have themselves and the number 42 is reached 
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sooner or later. It is possible that to this cause must be assigned the 
fact that so far I have been unable to isolate a fairly common new type 
that is characterised by having remarkably narrow glumes. 

It can be stated as a matter of experience that plants with more 
than 35 chromosomes resemble vulgare rather than turgidum\ such plants 
will therefore only give vulgare-Y^t plants when bred from, and, with 
the attainment of 42 chromosomes, pure breeding forms that can be 
assigned with complete confidence to the species vulgare can be obtained. 
Similarly, plants with less than 35 chromosomes are more like turgidum; 
they give only turgidum-like plants, and eventually true breeding 28 
chromosome forms, undoubtedly turgidum in their characters, are ob¬ 
tained. Finally, any plant with 35 chromosomes behaves cytologically 
like the and gives both vulgare and turgidum types amongst its 
offspring. 

In this description of Fg, and later types, a relation between chromo¬ 
some number and type— turgidum or vulgare —has been stated. It is 
important now to trace more exactly how close this association is. From 
what was said in describing the species it appears that although the 
parent forms are very different, and the species to which they belong 
are well defined, yet there are very few characters that are always found 
in one species and never found in the other; and if we consider a far 
larger number of characters than are mentioned here this still holds 
good, though no doubt the more closely we searched the more we should 
find. Probably the two most valuable diagnostic characters are the leaf 
hair arrangement, and the keeled or rounded glume; and of these two, 
while the former remains associated with chromosome number when 
the species are crossed, the second does not; we can easily obtain round- 
glumed, 28-chromosome, turgidum types that breed true. Hence, the 
fact that a character is absolutely confined to one species and not 
normally found in the other is no guarantee that it cannot be transferred 
by crossing. Also, we must ask what justification we have in calling 
an extracted 28-chromosome plant a turgidum. when it no longer has 
some of the typical turgidum characters. Aside from the leaf hair 
character which is absolutely associated with chromosome number, as 
are some other less easily defined characters, the justification for this is 
that many characters that are associated with the particular varieties 
used as parents, rather than with the species, may also be associated 
with chromosome number. For example, though all turgidums have a 
solid straw the character does not absolutely define the species, since 
in a few vulgare forms the straw is sohd; but we chh^^ot produce a solid- 
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strawed vulgare by crossing turgidum with the hollow-strawed Iron; so 
in the cross this character has diagnostic value. Since other characters 
that are not necessarily specific also behave in this way the types we 
extract from the species cross are not difficult to classify if we examine 
them critically. 

Because of the association with chromosome number, the frequency 
with which vulgare-likQ and turgidum-like types will appear in clearly 
depends both upon the frequency with which the unpaired chromosomes 
are lost during the reduction divisions of the and upon the 

selective action of sterility on pollen grains with different numbers of 
chromosomes; to a less extent it may also be influenced by the non¬ 
germination of some grains. Probably in all crosses between members 
of the 28 and 42 chromosome groups there is loss of chromosomes at 
reduction, and consequently megaspores and microspores with 14, 15 
chromosomes are more frequent than those with 21, 20 (for details 
see earlier papers). For this reason, provided no other irregularity 
obscures the result, plants with less than 35 chromosomes— turgidum-like 
plants—will outnumber in F 2 the plants with more than 36 chromosomes 
— vulgare-like plants; and the greater the loss of chromosomes at re¬ 
duction the greater will be the numerical preponderance of the former 
class. In the Swedish Iron x Rivet cross an excess of turgidum types in 
F 2 occurs in this way; and in other wheat species crosses it is possible 
that a much heavier loss of chromosomes might entirely prevent the 
reappearance of the species with the higher chromosome number unless 
a very large F^ were grown. But the frequency of the types in F^. also 
depends upon the relative efficacy of pollen with high and with low 
chromosome numbers. In the Swedish Iron x Rivet cross there does 
not appear to be any marked difference here; but there is evidence that 
in some crosses the greater fertility of pollen grains with the higher 
chromosome numbers might cause a preponderance in F^ of the higher 
chromosome type of zygote, and of course the opposite might be the 
case and this type would be still further diminished. 

In the above description the simplest possible type of behaviour has 
been assumed. Exceptions might occur if a turgidum chromosome paired 
with one of the vulgare chromosomes that normally remain unpaired, 
instead of with its usual homologue; other irregularities are also possible. 

After this brief account of the species and the nature of the F^ we 
shall go on to describe the back-crosses that have been made between 
the F-^ and the two parent forms, and the bearing of these results on the 
question of pollen sterility. 
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Grain Germination. 

A knowledge of tlie germination of the grains obtained from tbe 
reciprocal back-crosses between and tbe parent species is important 
in connection with the later genetic studies and will be given here in 
addition to data for other crosses which throw some light on the cause 
of bad germination. 

Many investigators have commented on the poor germination of 
grains derived from* crosses between species of the second (28-chromo¬ 
some) and third (42-chromosome) wheat groups, but so far as I am aware 
the fact that reciprocal crosses give markedly different results has not 
been recorded. No doubt the amount of germination depends to some 
extent upon conditions, but at Cambridge the experience of several 
different years shows that, whatever the species employed, the grains given 
by 42-chromosome ? x 28-chromosome d germinate well and those from 
^‘the reciprocal cross badly. This is illustrated by the following results: 


TABLE 

I. 




Year 


No. 

No. 

Cross 

sown 


sown 

germinated 


T923 

111 ! 

10 

23 

10 

22 

Vulgare ? x turgidum d 

1924 

111 ! 

43 

58 

34 

51 


1925 

1(1) 

1(2) 

29 

10 

20 

11 


.1926 


17 

15 

Vulgar n ? x dicoccum d 

1924 


21 

17 


11924 


11 

9 

Vulgare $ x persicum d f 

11926 

f{l) 

1(3! 

6 

6 

22 

19 



10 

9 

8p>e.Ua 9 X turgidum. d 

1926 


11 

10 


Total 


277 

233 = 84 % 

TABLE 

11. 




Year 


No. 

No. 

Cross 

sown 


sown 

germinated 


{ 

i(l) 

45 

19 


192.3 

(2) 

17 

6 

Turgidum $ x vulgare d 

1 

1(3) 

17 

7 

(1924 

J(l) 

U2) 

30 

38 

10 

12 

Dicocaum ^ x vulgare d 

192,3 


10 

7 

Persicum 5 x vulgare d 

1924 


23 

1 

Turgidum $ x 8p)elta d 

1924 


35 

16 

Durum, $ x Spelta d 

1926 


14 

9 


Total 


229 

87 = 38 % 


In both tables the numbers (1), (2), etc. mean that different varieties of one or the 
other species were used as parents in the different cases. 
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The difference between the two series is well marked despite the 
wide range of species used. Now, according to genetic theory the 
embryos in reciprocal crosses are identical, and in none of the above 
cases have I been able to detect any differences between the growing 
plants. But the endosperms in the two series differ widely: instead of 
being triploid for all chromosomes, they are diploid or haploid for the 
extra chromosomes of the 42 species according to whether one of these 
species is the mother or the father; the actual numbers being 56 and 49 
respectively. If we call the extra 7 chromosomes of ®the 42 group species 
,, the 7 F-chromosomes, germination is good—but probably not quite 
perfect—when the 7 F-chromosomes are present in the diploid state, 
and bad when they are present in the haploid state. That the difference 
in germination is due to the endosperm is confirmed by the fact that 
the grains from the first series are well filled,'though sinalF, and differ 
conspicuously from those of the second series which are always very 
wrinkled (badly filled). 

Now if we press the matter further we find that in the reciprocal 
back crosses between {vulgare x turgidum) and the parent forms we 
find the same state of affairs: germination is good in the two crosses 
that give endosperms with the 7 F-chromqsomes either diploid or tri¬ 
ploid, but bad if some of them are only haploid. 


TABLE III. 



Grains 

Grains 

Cross 

sown 

germinated 

Turgidwn $ x d 

37 

24 

'thilgare $ x F^ d 

37 

35 t 

Fj $ X turgidum d 

42 

38 i 

Fj^ $ X vulgare d 

54 

33 


The chromosome combinations in the endosperm can readily be 
worked out. It will be seen, for example, that in the cross ? x 
turgidum S the polar nuclei of the may contain any number from 
0 to 7 of the 7 F-chromosomes but, whatever the number, the fusion 
of the two nuclei renders them diploid; but in F-^ x vulgare d the 
pollen grain always introduces all the 7 F-chromosomes, and since the 
polar nuclei each may contain only say 1, 2 or 3, etc., of these then 
6, 5 or 4, etc., of the 7 F-chromosomes will be present in the haploid 
state in the triple fusion nucleus. The four reciprocal back-crosses 
therefore fall within the generalisation given above. 

1 From records made in one year it appears, as would be expected, that similar small 
grains are obtained from V 5 x d when 14 chromosome gametes have functioned; 
17-21 chromosome gametes give larger, normal sized, grains. 
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Here again confirmation is supplied by tbe fact that germination is 
bad in those crosses that give wrinkled grains. Critical examination 
suggests that there may be some seasonal variation in amount of 
wrinkling, but the cross x F d always gives wrinkled grains; 

T ^ X Fx d, which is considered in detail later, always contains some 
grains that are very wrinkled; the other two crosses show some varia¬ 
tion, but wrinkling is always slight, and in some cases the grain from 
these crosses compared favourably with well ripened samples from pure 
lines. 

Finally, evidence to the same eSect is given by a detailed examination 
of the cross T ^ x In the year 1926 grains from this cross were 

classified into wrinkled and not wrinkled and sown separately with the 
following results; 

Sown Germinated ,, 

Wrinkled 22 11 f 

Not wrinkled 15 13 »’ 

Though some of the former class were very wrinkled, in others the 
wrinkling was less marked. Bad germination has affected the wrinkled 
class almost entirely. Now this class gave 8 plants known to have 31 
chromosomes or more, from direct counts; 1 believed to have 31 or more 
from genetic evidence (see later),, and only 1 with 28. The other class, 
which germinated well, gave 6 plants known to have 28 chromosomes; 
2 known to have 28 or 29; 4 believed to have 28 on genetic evidence; 
and only 1 with 31 chromosomes. Evidently we can classify our grains 
for number of chromosomes (either 28, or from 31 to 35), almost with 
certainty, simply by examining them for wrinkling: only two mistakes 
were made out of the 24 grains that germinated. Fiuthermore it cer- 
/ tainly seems to be grains that possess haploid chromosomes that fail to 
germinate. It is true that the embryo, as well as the endosperm, have 
these chromosomes in the haploid condition, but this also applies to 
most of the embryos from the reciprocal cross— F^ $ x T d—and these 
grains nearly all germinate. 

We are forced to conclude that it is the endosperm that is primarily 
responsible for the bad germination in all these crosses; that failure 
arises when some chromosomes are present in the endosperm in the 
haploid condition; and that germination is good if-all chromosomes are 
present in the endosperm in the diploid or triploid condition. In reaching 
this conclusion we should not be led to think that the constitution of 
the embryo is without influence on germination; it seems highly prob¬ 
able that success or failure depends on the relations of embryo and 
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endosperm to eacL. other. If we examine the series of crosses for 
28 $ X 42 c? we find a significant variation from cross to cross; and this, 
together with other evidence that it is hoped to present in a later paper, 
suggests that the factorial composition of the embryo may be an im¬ 
portant factor. 

The Pollen. 

It was shown in the earlier papers that about 20 per cent, of the 
Fy pollen grains are completely or partially empty; and that of the 
total pollen only a low proportion—from 6 to 30 per cent.—germinates 
on the stigmas. The development of the pollen from the microspores 
and the connection between chromosome number and pollen sterility 
will here be described. 

Shortly after the reduction divisions are completed the microspores 
enlarge rapidly and the characteristic pollen grain wall is laid down 
(Pig. 3). In the grains that develop normally the nucleus then divides, 
while the cytoplasm and its inclusions are still scanty, and the two 
daughter nuclei travel to oppo.site sides of the young pollen grain 
(Pig. 4). The cytoplasm then begins to increase in volume, but before 
the pollen grain is completely full the smaller of the two nuclei divides 
to form the two male gametes (Pig. 5). In the mature pollen grain filling 
is complete. The development of other microspores is abnormal in that 
it may cease altogether at any stage after that of Pig. 3 (Pigs. 6 and 7), 
so that a ripe anther besides containing normal well filled pollen grains 
contains grains that are still at any of the stages from that of Pig. 3 
onwards; in addition there are grains that are empty or with their 
contents disorganised, due to degeneration setting in at any stage of 
development (Pig. 7). As the pollen germination tests have shown that 
some apparently perfect grains do not germinate on the stigma (O), while 
others probably only protrude the tip of the pollen tube, and further¬ 
more other results suggest that the tubes from some grains do not grow 
very far or grow slowly, it seems that it is possible to trace a complete 
series between a microspore that ceases development at the stage of 
Pig. 3 and a pollen grain by means of which fertilisation is accomplished. 
It has been concluded earlier that this sterility is selective with respect 
to the number of chromosomes contained, parental numbers functioning 
most and intermediate numbers more rarely, and this has been con¬ 
firmed by counting the chromospmes in the plants obtained from crosses 
between the Fy pollen and the two parent forms. 

Material was provided by 37 grains from the cross Iron ? x (Rivet x 
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Iron ^i) cJ, and by S7 grains from Rivet $ x (Rivet x Iron F^) We 
have seen (p, 384) that in the former cross no error arises from bad 
grain germination; and from the 35 grains that germinated 31 plants 
were harvested (one plant died from injury caused by wheat bulb fly, 
Hylemyia coarctata, and in three plants the only ear was fixed for a chromo- 



Fig. 5 Fig. 6 


Figs. 3-7. Drawn with the aid of camera lucida. Magnification x 700. Figs. 3-5. Normal 
development of pollen grain from microapore. Figs. 6 and 7. Abnormal development. 
The grains shown were from the same anther as the pollen grain of Fig. 5, which 
represents the stage reached by most of the pollen in the anther. In Fig. 6 develop¬ 
ment has been arrested at the stage of Fig. 3. In Fig, 7 degeneration has set in after 
the stage shown in Fig. 4 had been reached. In an ordinary variety of wheat all 
the pollen grains develop concurrently. 

some count) and the chromosomes of 19 were counted. In the second 
cross it has been shown (p. 385) that bad germination has increased 
the relative proportion of 28 chromosome plants obtained; 24 plants 
were obtained from the cross, and the chromosomes of 17 of these were 
counted. In all cases care was taken to ensure that the plants from which 
successful counts were obtained represented a random selection from 
the whole; experience shows that serious error could ensue if this pre¬ 
caution were not taken. The results given for each cross are the sum 
Journ. of Gen. svin 26 
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of tlie results obtained in two successive years. Those for pollen 
were obtained from Iron x Rivet and those for Fi egg-cells from 
Yeoman x Rivet .Fj. Most of the counts are accurate; those that are 
less certain are given separately and are probably all correct within one. 

TABLE IV. 


Frequency of F-, gametes with the various 
possible chromosome numbers 


Turgidum $ d {IpprSmate 

6 

1 

15 

0 

1 

16 

0 

0 

17 

2 

0 

18 

2 

1 

19 

1 

0 

20 

2 

0 

21 

1 

0 

Total 

14 

3 

Total 

7 

1 

0 

2 

3 

1 

2 

1 

17 

TT 1 r. T, ^ (Accurate 

4 

2 

0 

0 

1 

1 

1 

2 

11 

Vulgare {Approximate 

2 

0 

0 

1 

1 

0 

3 

1 

8 

Total 

6 

2 

0 

1 

2 

1 

4 

3 

19 

Total from two crosses 

13 

3 

0 

3 

5 

2 

6 

4 

36 

Fj $ X turgidum d 

2 

4 

2 

1 

1 

1 

0 

0 

11 


The results are enough to show that the efiect of sterility is to favour 
the functioning of pollen grains that have or approach the parental 
numbers, and to cut out those with intermediate numbers. The expec¬ 
tation for the egg-cell frequency was a binomial distribution with the 
mode probably at 16 (see earlier papers for a fuller discussion). A dis¬ 
cussion of the agreement between the observed and expected frequencies 
for the egg-cells can best be left until more counts have been made, and 
for this reason an estimate of the proportion of pollen grains that are 
eliminated will not yet be given. 

Table IV does not show any very definite difierence between the 
frequencies for F^ pollen functioning on the turgidum and the vulgare 
parents respectively; nor does indirect evidence suggest that any de¬ 
cided difierence exists. The plants obtained from F $ x c? can be 
classified on genetic evidence (see later, p. 390) into two groups: those 
with 35 or 36 chromosomes, and those with from 38-42. The value so 
obtained for the ratio fertilisations by 14 or 15 chromosome pollen; fertili¬ 
sations by 17-21 chromosome pollen is 11/22 = 0-50. For the cross 
T ? X d the same ratio is best found by classifying the grains obtained 
into wrinkled and not wrinkled (see p, 385) when we have the value 
15/22, a difference that may easily be due to errors of sampling. Some 
counts given by Kihara(3) suggested that in some crosses a decided 
difference might exist. 
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Genetio Aspects of Pollen Sterility. 

Direct observations have shown that the development of a pollen 
grain may be arrested at any stage, and that apparently sound grains 
may not germinate. There is so far no proof of difierent rates of growth 
of pollen tubes, but in view of the many cases where this has now been 
reported for other plants it seems quite likely that it occurs in these 
partially sterile wheat hybrids as well. In the future it may be found 
that no real distinction can be drawn between these phenomena, but 
whether this be so or not they must be considered here as one since 
none of the available evidence allows us to discriminate between their 
ehects, and in the subsequent discussion I include these difierent possi¬ 
bilities when the term sterihty is used. A further possibility that should 
be remembered is selective fertihsation, by which I mean that genetically 
different egg-cells of one and the same plant might exert a differential 
attraction on genetically different male gametes. I am not aware that 
this has ever been proved to occur, and so far I have no evidence pointing 
directly to its occurring in these crosses, but it is possible that more 
extensive data might reveal it. It could not of course affect the actual 
back crosses but would, if it occurred, affect the composition of the 
following generation. 

We have seen that sterihty tends to cut out the pollen grains with 
intermediate chromosome numbers. Since all the A’l egg-cells are fertile, 
the genetic effect of this sterility can be ascertained by comparing 
reciprocal crosses between the and the parent forms. In making these 
comparisons no attention will be paid, at present, to characters that 
clearly depend on a single Mendehan factor and have no special associa¬ 
tion with either of the parent species; or to certain characters whose 
inheritance is dealt with elsewhere (7). We shall confine ourselves, instead, 
principally to some of the characters that are used in diagnosing the 
species. For the sake of greater simplicity we shall describe only those 
crosses in which Swedish Iron was the variety of vulgare used: the results 
obtained with Yeoman were similar in principle. 

Germination of the grains obtained from the crosses has been given 
already. By examining the results given by the different crosses it will 
be seen that the poor germination of grains from $ x F d and from 
T $ X d cannot have affected in any essential way the conclusions 
reached. 

We shall first compare the two crosses F ? x d and Fj $ x F d- 
To summarise it may be said that when Fi is the male parent the plants 

26-2 
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■“obtained fall readily into two groups: plants like the [F group, 
8 plants), and plants like vulgare (F group, 22 plants). All plants found 
to have 35 chromosomes fell into the F group, and all plants with from 
38 to 42 chromosomes into the F group; of the two plants with 36 
chromosomes only one gave an ear and this , will not at present be 
considered. When, on the other hand, F^ is the female parent no such 
clear separation into two groups is possible and the plants (29 in all) 
tend on the whole to be intermediate between F-^ and vulgare. Under 
each of the headings that follow we have therefore to consider three 
groups of plants: (1) F group, (2) F group, and (3) $ x F d; (1) and 

(2), of course, both come from the cross F $ x d- 

(a) In vigour, height, and size of ears, the plants from the three 
groups difier strikingly. Some of the F group plants equal the vulgare 
parent in these respects, and all may be classed as from moderate to 
good; F group plants are poor; plants from F^ $ range from poor to 
moderate. 

(b) The fertility of the plants was measured by counting the total 
number of grains set in the lowest two flowers of all the spikelets of a 
single ear. Thus in an ear with 20 spikelets 40 flowers were examined, 
and if these gave 20 grains the fertility was O’50. In each plant one 
ear had been enclosed in a paper bag to prevent out-pollination, and it 
was the fertility of this ear that was measured. The same method of 
measuring fertility was given in an earlier paper(6). The results were: 

Proportion of grains Totals 

r-No. of 

0-0-0’2 0-2-04 O-i-O-O 0-6-0-8 0-8-1-0 plants 

No. of plants $ x F d 4 7 8 6 4 29 

„ F ? X d . 4 5 2 2 13 26* 

* Owing to oversight the fertility of four of the F group plants from F ? x d was 
not measured. 

On the whole the plants from the first cross tend to have an inter¬ 
mediate amount of fertility, and those from the second cross either a 
high or a low fertility. In the latter cross it is the F group plants that 
are more sterile, and the F group plants that are more fertile: 

Proportion of grain.? Total 

r——-^■’--, No. of 

0’0-0-2 0-2-0-4 0’4-0-G 0-6-0’8 0-8-1-0 plants 

No. of plants F group 3 4 1 0 0 8 

V „ 1 1 1 2 13 18 

The difference here is very marked, but a few plants that closely re¬ 
semble vulgare have a low fertility; this will not be discussed further 
at present. 
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(c) Plate XXIV, figs. 1 and 2, shows single glumes taken from a repre¬ 
sentative selection of the plants obtained from the two series of crosses, 
one glume per plant. The plants selected include all plants harvested 
in 1925 from x F d (none of those harvested in 1926); all F group 
plants, whether harvested in 1925 or in 1926; and most of the V group 
plants harvested in the two years, those not included being similar to 
those that are included. Before comparing these glumes it must be 
explained that glume shape is greatly influenced by the factor A which 
gives the keel to the glume of turgidum ((7), where it is shown that 
turgidum is KK and vulgare hk), so in Plate XXIV, the glumes are 
shown classified for this factor. The efiect of K is, besides giving the 
keel to the glume, to flatten the face of the glume (not readily seen 
in the Plate), to give it a flatter top or shoulder, to increase its thickness, 
to increase the development of the lateral nerves, to give a collar at the 
base (the collar is not shown in the Plate), and to increase the laxity 
of the ear. If, now, we examine kk glumes from F $ x d we find that 
those of the F group are nearly all typical of vulgare, and difiler from 
those of the F group chiefly by being flatter on the face and with a 
flatter top; while Kk glumes of the two groups difier equally clearly, 
the most obvious difierences being the flatter face, flatter top, and 
better developed lateral nerves of those of the F group. In fact the 
diflerence between the two groups is similar to the change produced 
by the factor K. Turning now to the glumes from the reciprocal cross, 
$ X F d) we find that on the whole they tend to be intermediate 
between the F group and F group types, and while they resemble 
vulgare on the whole, few, if any, can be regarded as typical of that species. 

{d) All F group plants had grey chafi, while all but one of the 
F group plants had the chaff white or red. 

(e) Ear density is greatly influenced by the presence or absence of K, 
but allowing for this all ears of F group plants are distinctly denser 
than those of the F group, though the latter show variation in density, 
and some are fairly dense. Plants from $ x F d are more difficult to 
separate into two groups; most are fairly dense, some as dense as F group 
plants, and few lax like the F group. 

(/) Classification for solid and hollow straw was difficult to make in 
these crosses, as there is an appreciable amount of fluctuation from 
tiller to tiller of the same plant, and the F^ itself, though having a 
distinct lining of pith, is much closer to vulgare than to turgidum. It 
was possible to distinguish, however, a greater amount of pith in the 
F group as a whole than in the F group. In other straw characters it 
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was possible to detect more iurgidum influence in the progeny of 
-Fi ? X F d than in V group progeny. In comparing straws of these 
two groups of plants judgment is influenced by diameter (greater in 
vulgare than in turgidum), colour, whether circular (turgidum) or elliptical 
{vulgare), and by the texture of the surface, which in its turn is mainly 
influenced by the degree of development of the longitudinal bands of 
fibres found in turgidum straws and not in vulgare. Judgment of straws 
is not easily carried out on individual plants unless difierences are very 
well marked, which is not the case in the plants under discussion. 

{g) The progeny of the three groups of plants show well marked 
difiterences. F group plants all have 35 chromosomes in those cases 
where a count has been made. As would be expected therefore they 
behave like the F-^ in giving very variable progeny, including plants 
that are mainly turgidum-^& as well as plants that are more like vulgare\ 
the progeny also lack vigour and are highly sterile. The progeny of 
V group plants, apart from segregation for a few characters such as 
rough and smooth chafi, are strikingly uniform in ear and in foliage 
characters, and are very similar to vulgare ; while many closely resemble 
the variety of vulgare used in making the crosses. The progeny of 
? X F d were, as a whole, much more variable than the F group, 
less vigorous, less fertile, and showed stronger traces of turgidim in the 
characters dealt with above. 

The reciprocal crosses between turgidum and F^ will now be con¬ 
sidered. As before we have three groups of plants to consider: (1) Plants 
from T $ X d that resemble turgidum {T group, 13 plants); 8 plants 
known to have 28 or 29 chromosomes fell into this group. (2) Plants 
from the same cross in which traces of vulgare, could be detected 
(T-l- group, 10 plants); the nine plants known to have from 31 to 35 
chromosomes fell into this group. (3) Plants from ? x T d- 

(а) In vigour the plants from ? x T d vary from poor to good; 
few, if any, are as vigorous as the most vigorous plants from the reci¬ 
procal cross. In the latter, the T group are all vigorous, though varying 
rather in amount; many of the plants in the T-f group are very lacking 
in vigour but a few are fairly vigorous. 

(б) The results for fertility were: 

Proportion, of grains Total 

,-^-^ No. of 

0-0-0-2 0-2-0-4 0-4-0'6 0-6-0-8 0-8-1-0 plants 
No. of plants H 4 4 6 5 30* 

„ 0 4 2 7 10 23 

* In a few plants no ear was bagged. The fertility of these is not given here. 



A. E. Watkins 


393 


On tlie wliole the first cross gives low or intermediate fertility, while 
F-i <S gives intermediate or high fertility. In this latter cross the plants 
that resemble turgidum {T group) are the more fertile, while the plants 
of abnormal type or with well marked vulgare infl.uence {T+ group) are 
more sterile: 


Proportion of grains Total 

f -r-^-, No. of 

0-0-0-2 0-2-0-4 0-4-0-6 0-6-O-8 O'8-l-O plants 

No. of plants T group 0 0 0 3 9 12 

„ T+ „ 0 4 2 3 1 10 


(c) The glumes are shown in Plate XXIV, figs. 4 and 5, and within 
each group are classified into KK and Kh. Considering the KK series 
first, it is remarkable that all glumes from T $ x S' are very similar 
to the parental turgidum and show little or no trace of vulgare influence, 
with the single exception of the large glume third from the right in the 
row, which shows this influence strongly in the fl.at top, well developed 
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Fig. 8. Straws, cut at 3 inches below the ear to show degree of solidity, a, T+ group 
plants from the cross turgidum c, T group plants from the same cross; 

h, plants from the cross ? x turgidum One straw per plant. Magnification x |. 

lateral nerves, and flat face. In $ x T cJ at least 6 glumes out of 16 
resemble turgidum closely, and in the rest it is difficult to see features 
that can be attributed to vulgare. In the Kh series on the other hand 
it is possible to see vulgare influence, chiefly the flatter top, in varying 
degrees in the_ T+ group, and to a smaller extent in some of the glumes 
from iFi $ X T (?. 

To sum up, vulgare influence appears in the glumes of only one KK 
plant from either of the reciprocal crosses between turgidum and F-^] 
this needs explanation and will be discussed in a later paper. In Kh 
plants, however, it still holds good that the cross T $ x d gives two 
groups of plants—the T group like turgidum,, and the T+ group showing 


394 Genetic and Gytological Studies in Wheat. Ill 

traces of mlgare) while T ^ gives a number of plants showing 

vulgare traces and less easily separable into two groups. 

(e) Moderately lax ears are found only among KK plants of the 
T+ group and a few plants from $ that had traces of other vulgare 
characters. 

(/) Allowing for fluctuation, the straws from T group plants were 
distinctly more solid than those from the T-h group (cf. Fig. 8), 
and most of the latter approached the in hollowness. F^ ^ x T ^ 
gives a few plants with solid straws; most are more or less hollow, but 
few are as hollow as the Fj. The straws were compared by examining 
them at 1 inch and at 3 inches below the ear. Rivet is always solid at 
the first of these points and at the second, if not quite solid, which it 
usually is, has only a very small lumen. 

(g) Progeny. The most uniform families came from T group plants, 
and those from T+ group were variable. Some families from F^ were 
variable, but some were fairly uniform, 

It was shown earlier in this paper that the functional pollen from 
vulgare x turgidum F^ falls into two classes with regard to chromosome 
number; pollen with 14 chromosomes (and perhaps a few with 15), and 
pollen with from 17-21 chromosomes. In the two series of back crosses 
we have just been studying we have seen that 14 chromosome pollen 
carries mainly turgidum characters, and 17-21 chromosome pollen mainly 
vulgare characters. On the other hand the Fj egg-cells, which have chiefly 
intermediate chromosome numbers, tend to be intermediate genetically 
between turgidum and vulgare. To some extent this efiect may be 
attributed to the characters that distinguish vulgare from turgidum 
being determined by the extra 7 vulgare chromosomes, but an alternative 
possibility must be borne in mind. If a certain vulgare character were 
due to a factor V which is carried by one of the chromosomes that pair 
with the turgidum chromosomes, then F and v would be distributed at 
random to the gametes; but it might happen that 14 chromosome-'y 
pollen functioned while 14 chromosome-F pollen was eliminated, par¬ 
tially or completely. While this possibility points to the need for caution, 
I have no doubt that an association between the extra chromosomes and 
some of the vulgare characters does exist. 

In studying these crosses attention has been directed to the shape 
of the glume, the density of the ear, and to certain straw characters, 
while confirmatory evidence is given by a consideration of vigour and 
fertility. The number of characters studied was not large, but the 
general conclusions reached are amply confirmed by a close examination 
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of the plants themselves, though a closer definition and description of 
difierences is difficult to make. Comment must be made on the fre¬ 
quency with which plants like the parent forms are obtained from the 
crosses. So far, considering both the crosses in which Yeoman as well 
as those in which Iron was the vulgare parent, 60 plants have been 
obtained from the cross $ x Yd; and we have seen that there has 
been no elimination of types through sterility. Yet out of these 60 plants 
at least 4 were typically turgidum and did not difier much from Rivet. 
Moreover these 4 plants were homozygous for the factor for keel and 
for the factor for awns, and only 21 plants in all were homozygous for 
these factors; and again, some of the plants that were less typically 
turgidum presumably owed this to their possessing some extra vulgare 
chromosomes. In view of the fact that the has 14 segregating pairs 
of chromosomes and that 2^^ ^ about 17,000 this is very surprising; 
and it would seem that we must regard the turgidum chromosomes as 
very similar to the 14 from vulgare with which they pair. I think this 
must be taken as strong evidence for a simple polyploid relationship 
between the two species, but even so the closeness of the similarity is 
surprising, and it is hoped that a critical investigation of this question 
can be carried out. 


Summary. 

The paper gives a preliminary account of the genetics of crosses be¬ 
tween Triticum turgidum with 14 chromosomes (haploid) and T. vulgare 
with 21. The cytology of the cross has been described in earlier papers. 
It is pointed out that although the two species are sharply separated 
from one another, and easily recognised, there are few characters that 
are found in all forms of the one and no forms of the other. Moreover 
one of the characters that serves absolutely to distinguish the species, 
and the one usually relied on, is the glume keel found in turgidum and 
not in vulgare, and this character can be transferred from one species 
to the other by crossing. Yet if we extract from the cross forms with 
28 and forms with 42 chromosomes the two series so obtained are still 
sharply separated from one another; partly because some characters 
that distinguish the parent varieties, rather than the species, are asso¬ 
ciated with chromosome number. 

In crosses between wheat species of the second (28 chromosome) and 
third (42 chromosome) groups, and in certain back crosses described 
in the text, grain germination is largely determined by the chromosome 
constitution of the endosperm. Germination is good if the extra vulgare 



39(3 Genetic and Cytological Studies in Wheat III 

chromosomes are all diploid or triploid in the endosperm but bad if 
some of them are only present in the haploid condition. 

The development of pollen grains from microspores, in the partially 
sterile vulgare x turgidum has been described, 

Eeciprocal back crosses between the Fi and the two parent forms 
have been studied. Direct counts have confirmed the earlier, indirect 
conclusion, that the fully fertile egg-cells mostly have a chromosome 
number intermediate between 14 and 21; and that in the -Fi pollen the 
sterility falls most heavily on the pollen grains with intermediate chromo¬ 
some numbers, and greatly increases the chance that fertilisation will 
be efiected by those with the parental numbers. 

Considering some of the characters that diSerentiate the species, it 
is found that 14 chromosome pollen carries mainly turgidum characters, 
and 17-21 chromosome pollen mainly vulgare characters. The egg-cells 
tend on the whole to be genetically intermediate. 

Comment is made on the fact that the results do not appear to dis¬ 
close the existence of many factor differences between the 14 turgidum 
chromosomes and the 14 from vulgare with which they pair, and that 
strong evidence for a simple polyploid relationship between the two 
species is obtained in this way. 
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EXPLANATION OF PLATES XXI11—XXIV. 

Plate XXIII. 

Fig. 1. Ears of: a, T. turgidum var. Rivet; b, c, T. vulgare var. Swedish Iron. Magnifi¬ 
cation X 

Plate XXIV. 

Figs. 1, 2, 4 and 5, one glume per plant from the reciprocal back crosses; classified within 
each cross for the factor K. Fig. 3, two glumes each from T. turgidum var. Rivet, F-^ 
and T. vulgare var. Swedish Iron; Fig. 1, vulgare ? Fig. 2, F^ vulgare d; 

Fig. 4, turgidum $ x dJ Fig. 6, Fj ^ x turgidum d. Magnification x I- 
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